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ABSTRACT

Benthic marine macrophytes produce secondary metabolites which when 
released to the environment could potentially influence the immediate surroundings 
to the detriment of their competitors (i.e., other species of algae or phytoplankton). 
The response of the phytoplankton, Nanochlorum sp. to crude extracts (1% and 4% 
concentration) of the intertidal macrophytes Gracilaria salicornia, Chaetomorpha 
linum and Sargassum polycystum was investigated. On the average, there was a 
significant decrease (40-61% decrease at 4% conc. and 11-40% decrease at 1% conc.) 
in cell densities three days after the addition of the extracts relative to the control. 
Crude extracts of some common intertidal macrophytes may contain allelochemicals 
that could inhibit the growth of phytoplankton. The potential applications of these 
allelopathic effects in controlling phytoplankton blooms in small ponds and tanks have 
been suggested and needs further investigation.   

Key words: Gracilaria salicornia, Chaetomorpha linum, Sargassum polycystum, reef 
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INTRODUCTION

Various strategies have been formulated to control 
the blooms of phytoplankton in closed systems. Large 
outdoor ponds typically use pumps connected to a series 
of filters to maintain water clarity. Some utilize ultraviolet 
light together with the filtration system to eliminate all 
organisms passing through the UV light. Fitzgerald and 
Jackson (1979) evaluated a number of commercially 
available algicides on Chlorella pyrenoidosa and 
Phormidium inundatum and found that copper-based 
products are the most effective. Palmer and Maloney 
(1955) did an extensive preliminary screening of various 
compounds for their potential as algicides and their 
results yielded many effective candidates. However, all 
were synthetic and one group in particular, the mercuric 
compounds, were not only highly lethal to algae but 
potentially toxic to other organisms as well. Biological 
control of nuisance phytoplankton is often done through 
the use of filter feeding bivalves such as mussels 
(Petersen et al. 2008). 

More effective forms of phytoplankton control 
have previously been considered. Among them is the 
utilization of the intrinsic properties of macrophytes, 
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specifically on their metabolites. Allelopathy is an 
effect of one plant or microorganism on the growth 
and survival of other species through the release of 
chemical compounds into the environment (Singh and 
Chaudhary 2011). The study of allelopathic interactions 
among algae and plankton has been problematic as 
highlighted by the review of Gross et al. (2007). These 
difficulties were observed under natural conditions when 
light competition, temperature and pH changes can 
mask allelopathic effects (Keating 1977). Alternatively, 
laboratory experiments can account for these effects and 
responses more appropriately.

The use of algal extracts to control microalgae 
is steadily gaining acceptance as an effective means 
of phytoplankton control. Extracts (i.e., fresh, dried, 
and aqueous) of marine algae were detrimental 
to dinoflagellates (Wang et al. 2007).  Secondary 
metabolites from the extracts of the leaf-like blades of 
Sargassum polyceratium were known to inhibit growth 
and development of bacteria and planktonic larvae 
of invertebrates (Thabard et al. 2011). The effect of 
allelopathy in Sargassum muticum has also been proven
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to be a viable substitute to toxic, heavy-metal based 
paints in preventing the attachment of fouling organisms 
(Bazes et al. 2009).

If closed systems employ energy intensive methods 
(i.e., pumps and filter systems) to maintain water quality 
and clarity while chemical algicides can indiscriminately 
eliminate non-target species of macrophytes (Duvall et al. 
2001), then the allelopathic effect of some algal extracts 
can provide a better alternative over the conventional 
solutions to these problems. Some commercial algicides 
exhibit some form of environmental persistence (Schrader 
2005), threatening organisms at the higher trophic levels 
(Ylitalo et al. 2009) long after the problem has subsided. 

Ecologically, the allelopathic effect of macroalgae on 
the growth of phytoplankton is considered an important 
mechanism for regulating and stabilizing macrophyte 
- dominated waters (Phillips et al. 1978). Two types 
of equilibrium states were proposed by Scheffer et al. 
(1993), one which presents a clear-state dominated by 
aquatic vegetation and a turbid state characterized by 
high microalgal biomass.  Shallow and enclosed bodies 
of water dominated by submerged plants can suppress 
phytoplankton biomass through the release of allelopathic, 
organic compounds (Burnak and Beklioglu 2000). If this 
is the case, then this clear-water state can be applied 
in smaller scales with the aid of natural algal extracts 
which could possibly produce the same effect. Utilizing 
the allelopathic effects of submerged macrophytes in 
mitigating phytoplankton blooms and subsequently 
improving water clarity is an efficient and cost-effective 
alternative to other potentially destructive methods. This 
is particularly relevant in stagnant/enclosed structures 
(i.e., aquaculture ponds, outdoor garden ponds) where 
constant nutrient supply and sunlight may produce 
conditions leading to phytoplankton blooms. Areas of 
interest for further research may be along the shallow 
coastal waters where the abundance of macrophytes on 
reef flats (Costa et al. 2001) and the diverse assemblage 
of macroalgae may lead to a discovery of various types 
of previously unknown allelopathic compounds. In 
this study, a laboratory experiment to show that small 
concentrations of crude algal extracts could significantly 
diminish the density of the phytoplankton, Nanochlorum 
sp., is hereby presented.  

MATERIALS AND METHOD

The experiment followed a randomized complete 
block design experiment (RCBD) consisting of three 
treatments (i.e., crude extracts of red, brown and green 
algae) with one control (i.e., no algal extract), two

concentrations of the extracts and six replications per 
concentration. The experiment was conducted in two 
batches (i.e., three replicates per batch). 

	     Nanochlorum sp. was the microalgae used for 
this experiment’s assay since it is a  ubiquitous 
phytoplankton species in tropical marine waters from 
the family Chlorellaceae and is capable of producing 
blooms rapidly in controlled laboratory settings. 
For commercial applications, Nanochlorum sp. is 
encouraged to form blooms in aquaculture ponds as 
natural food for cultured species of fish and shellfish 
larvae. Nanochlorum sp. blooms are characterized by a 
light to deep green coloration of seawater. Furthermore, 
a decrease in Nanochlorum sp. cell density due to the 
effects of allelopathy would be immediately obvious 
due to the immediate color change in the water 
column. Nanochlorum sp. pure culture was obtained 
from Southeast Asian Fisheries Development Center 
(SEAFDEC). Upon arrival in the laboratory, the pure 
culture was transferred to a glass vessel and maintained at 
15°C in a refrigerator. During the experiment, a modified 
f/2 nutrient medium (Guillard and Ryther 1962) was 
prepared using the utilization ratio, 1:2 (i.e., a total volume 
of 1 L of algae will require 2 mL of each component of 
f/2 medium). The modified f/2 medium had the following 
composition: Na2·EDTA, NaNO3, NaH2PO4·H2O, NH4Cl, 
FeCl3·6H2O, CuSO4·5H2O, ZnSO4·7H2O, CoCl2·6H2O, 
MnCl2·4H2O, Na2MoO4·2H2O, Thiamine HCl, Biotin, 
and Cyanocobalamin.

For each replicate, a final scale-up volume of 125 
mL in an Erlenmeyer flask was required. Hence, 3.25 
mL of f/2 medium was first placed in the flask followed 
by the addition of 50 mL volume of Nanochlorum sp. 
pure culture, and finally, 71.75 mL sterilized seawater 
was added. The mouth of the flask was then sealed 
with an aluminium foil. Flasks were incubated in an 
environmental chamber set at 12 H:12 H, day:night cycle, 
and at 23°C ambient temperature. Photosynthetically 
active radiation (PAR) was 49.48 µmol s-1 m-2, as 
measured by a Li-Cor (LI-250) light meter with a cosine 
corrected quantum sensor. Flasks were swirled daily 
for three days to facilitate even mixing of nutrients 
and microalgae. On the third day, initial counting of 
algal cells for 125 mL flasks were done using a light 
microscope and a haemocytometer. Average cell density 
(mL-1) was obtained from three subsamples of each flask.

Algal extracts were prepared by collecting samples 
of Gracilaria salicornia, Sargassum polycystum and 
Chaetomorpha linum from the reef flat off eastern Mactan 
Island, central Philippines. Samples were brought to the 
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laboratory, segregated, and cleaned of their debris and 
encrusting epiphytes. Cleaned algal samples were blot 
dried and weighed according to the concentrations to be 
used. For the 4% concentration treatment, 10 g of the 
algal samples were homogenized with 10 mL sterilized 
seawater using mortar and pestle. The homogenized 
extract was filtered through cheesecloth to remove 
impurities and other unhomogenized solids prior to 
addition in the flasks containing the phytoplankton and 
nutrient medium while an additional volume of sterilized 
seawater was added to yield a final volume of 250 mL. 
The flasks were incubated in the environmental chamber 
for three days, after which, final counting of algal cells 
were done and the mean cell density was expressed as 
mL-1. The 1% concentration (2.5 g macroalgae in 2.5 
mL sterilized seawater) was prepared using the same 
procedure. It should be noted that phytoplankton cultures 
which failed to reach optimum cell counts (i.e., 1×106 
cells mL-1) were excluded.

The change in Nanochlorum sp. density (i.e., final 
– initial density) after three days incubation was used as 
the dependent variable. A model 1 nested ANOVA was 
used to check whether there was a significant difference 
between the two batches of experiments for both the 1% 
and 4% concentrations. Since there was no significant 
difference between the two batches, the replicates were 
pooled together and analyzed using one-way ANOVA 
to determine if there was a difference among the type 
of algal extract on the change in phytoplankton density. 
Homoscedasticity was tested using Levene’s or Cochran 
C test. Tukey’s HSD was used as a post hoc multiple 
comparison test should a significant result in ANOVA 
occurs. The significant level was set at p = 0.05. Both 
1% and 4% algal extract concentrations were statistically 
treated separately due to logistic limitation in the 
implementation of the experiment.

RESULTS AND DISCUSSION
	
The type of crude extract was a significant factor 

in the suppression of phytoplankton growth in both test 
concentrations (Table 1). While all control flasks exhibited 

positive population growth (normal exponential growth 
phase in Nanochlorum sp.), treatments with the crude 
extracts showed decline in cell density. The decrease 
in growth of Nanochlorum sp. population was highest 
under Sargassum polycystum and Chaetomorpha linum 
extracts for 4% and 1% concentrations respectively,
while Gracilaria salicornia had slightly decreased 
inhibition compared to the former two species (Figure 
1). Concentrations of extracts also appeared to have an 
effect on the population growth of Nanochlorum sp., 
where higher concentrations (i.e., 4%) of the extracts 
resulted in more inhibition (ranging from 40-61%) on 
the population growth of Nanochlorum sp. after three 
days of culture. Visual observation shows settling of 
dead algal cells and an increased water clarity inside the 
culture flasks.

Marine macrophytes have been known to alter the 
structure of benthic ecosystems through chemical means 
(Gross et al. 1996). Despite this interesting phenomenon, 
the mechanism of their release from the actual plant 
and their effects on the target organism is still poorly 
understood (Wium-Andersen 1987). A study on algal 
secondary metabolites suggests that some species of 
macroalgae have inducible defense mechanisms which 
are triggered by direct herbivory or epibiosis (Pereira et 
al. 2017). This implies that allelopathic substances may 
be released into the immediate environment after algal 
tissues have been mechanically damaged by herbivore 

Figure 1. The effects of 1% and 4% concentrations of algal 
extracts of  Nanochlorum sp. cell densities.

Table 1. Statistical results showing the effects of algal 
extracts on the chance in cell density of 
Nanochlorum sp. after three days of culture.

Factors SS df MS F p-level

1%

4%

Type
Error
Type
Error

2.15E+13
3.87E+13
9.77E+13
5.97E+12

3
20
3
11

7.18E+12
1.94E+12
3.26E+13
5.43+11

3.7

60.0

0.03

0.00
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consumption or the attachment mechanisms used by 
fouling organisms and other epibionts. Similarly, the 
current experiment provided some indication of the 
detrimental effects of macroalgal extracts against a 
species of phytoplankton when Nanochlorum sp. was 
unable to reach cell densities similar to the control upon 
addition of the algal extracts. 

The results corroborated with other studies. Jasser 
(1995) found out higher concentration of Stratiotes 
aloides extract led to increased allelopathic effects against 
natural phytoplankton. The algicidal effect could be due 
to the action of phenolic acids (Usenko et al. 2002). Other 
possible factors which may explain the mechanism of the 
allelopathic effects of macroalgae include the presence 
of methanolic extracts which has been demonstrated to 
exhibit algicidal activity (Gross 1995) by inhibiting the 
alkaline phosphatase activity (Gross et al. 1996) and the 
photosynthetic transport system (Weston et al. 1999). 
The inhibition of photosynthesis of competing primary 
producers is considered a very common mode of action 
among many photosynthetic organisms (Gross 2003). 
Ecologically, allelopathic compounds are released to 
prevent shading by epiphytic and planktonic primary 
producers (Dondajewska and Budzyńska 2009; Mulderij 
et al. 2006). Among planktonic organisms, inhibition of 
competitors have also been observed in the maintenance 
of harmful algal blooms, specifically with the 
dinoflagellate, Karenia brevis, by altering the physiology 
of the cell membrane and  photosynthesis of other non-
harmful phytoplankton species (Poulin et al. 2018). For 
macroalgae which are prone to the shading effects of 
phytoplankton blooms, allelopathy is one mechanism 
to maintain water clarity and reduce light attenuation. 
In this study, C. linum crude extracts showed significant 
decrease in Nanochlorum sp. cell density, suggesting 
a strong allelopathic effect on the phytoplankton 
population. This high degree of allelopathy shows 
resemblance to similar experiments utilizing macroalgae 
commonly found in shallow coastal waters like Ulva 
pertusa (Nan et al. 2004), Ulva lactuca (Tang and Gobler 
2011) and Gracilaria tenuistipitata (Ye and Zhang 2013). 
Interestingly, the decomposition by-products of Ulva 
prolifera in green-tide events have been found to promote 
blooms of some red-tide forming species but not others 
(Wang et al. 2012b), highlighting the need for a controlled 
application of algal extracts to inhibit algal blooms and 
not just direct application of unprocessed algal biomass. 

Furthermore, studies on crustose algae, which are also 
very prone to shading by large canopy-forming plants, 
show a very high degree of allelopathic activity as well. 
Crustose coralline algae from the genus Lithophyllum has

been shown to produce low molecular weight, lipophilic 
allelopathic substances able to destroy the zoospores 
of the brown algae Laminaria religiosa (Suzuki et al., 
1998) which form dense canopies as mature plants. 
For canopy-forming seaweeds such as members of the 
Sargassaceae, in this study 1% extracts from Sargassum 
polycystum seem to have a lesser effect on Nanochlorum 
sp. compared to C. linum. This is probably because 
phlorotannins present in brown algal species may have 
minimal allelopathic effect on phytoplankton. Epiphytes 
growing on the brown macroalga, Ecklonia radiata, for 
instance, showed no effect on the abundance and the 
distribution of these epiphytes despite phlorotannins 
exuded by the macroalgae (Jennings and Steinberg 1994). 
A study on Sargassum thunbergii demonstrates how its 
extracts of unsaturated fatty acids were able to inhibit the 
growth of red-tide dinoflagellates (Wang et al. 2012a). 
However, efficacy of the extracts depended on the type of 
extraction method and the concentration of pure extracts. 
This may explain the low performance of extracts at 1% 
concentration and an increased allelopathic effect at 4%. 
For Gracilaria salicornia a decrease in Nanochlorum 
sp. cell density of approximately 25.4% and 43% in 1% 
and 4% concentrations, respectively, still demonstrates 
an appreciable allelopathic effect. A study on extracts 
from Gracilaria lemaneiformis shows varying effects 
of different isolates on Skeletonema costatum (Lu et al. 
2011) while Ye and Zhang (2013) shows G. tenuistipitata 
as an effective inhibitor for Prorocentrum micans. This 
may suggest the species-specific nature of  allelopathic 
compounds which this study has not accounted for. 
However, the results in general suggests that efficacy 
may be greatly improved, hence, extract concentrations 
and extraction method should be a significant factor to be 
considered in future experiments.

The role of allelopathic effect by some macrophytes 
in reducing competition could be used as a tool to control 
unwanted algal growth in certain aquatic ecosystems 
(Nakai et al. 1999). The control of nuisance microalgal 
populations in tanks and ponds where the recirculation 
of water allows the sufficient interaction between 
allelopathic compounds and the target organism should 
be investigated further. More importantly, the allelopathic 
effect of macroalgal extract may be used as an alternative 
water clarifying agent over the use of industrial algicides. 
A review on the control of algal blooms using aquatic 
macrophytes underscores the increasing body of 
knowledge surrounding this application (Hu and Hong 
2008). However, they also highlight the limitations 
towards its use on a commercial scale citing the effects of 
dilution and water currents may possibly not reflect the 
results in small-scale laboratory experiments. Hence, the 
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need for future studies focused on spatial and temporal 
effects to the allelopathic efficacy.      

In retrospect, the relevance of using algal extracts 
for small-scale applications such as in the aquarium 
trade and in small aquaculture operations for maintaining 
water clarity holds potential. Utilizing the abundant, 
non-commercial species of tropical algae can be a cost 
effective substitute to the conventional methods without 
the consequence of pollution and toxic compounds 
persisting in the food chain. Concomitant to the use of 
algae, an extensive screening regime must be done to 
determine which species bear the highest potency of 
allelopathic compounds and the species of phytoplankton 
most vulnerable. Nevertheless, the effects on planktonic 
larvae of invertebrates and fish larvae must be taken into 
consideration as well, since it has been known that certain 
macroalgal species can inhibit settlement of recruits 
(Kuffner et al. 2006). The extent of their allelopathy to 
other species of phytoplankton must also be studied to 
determine threshold concentrations. 

CONCLUSIONS AND RECOMMENDATION

The current study highlights the potential of common 
intertidal macroalgae as biological control agents for 
microalgal blooms. The addition of crude algal extracts 
led to the decline in microalgal cells leading to the 
conclusion that the crude extracts may contain some 
secondary metabolites which had an allelopathic effect 
on Nanochlorum sp. at both treatment concentrations. 
Secondary metabolites have an important ecological 
role for macroalgae as effective competitors for space 
in a highly dynamic environment. The production of 
metabolic by-products for this purpose can also be 
observed in other sessile taxa such as sponges (Selvin 
and Lipton 2004), corals (Fenical and Pawlik 1991), 
and ascidians (Pisut and Pawlik 2002), among many 
others. The critical consideration for the release of these 
allelochemicals was mechanical destruction of algal 
tissues, as was done here. However, other mechanisms 
which regulate the release of allelochemicals without 
tissue destruction would be worth exploring since 
clearwater states (Burnak and Beklioglu 2000) may 
also mean that macrophytes with high uptake rates of 
DIN and P were outcompeting phytoplankton and thus 
mask the true allelopathic effects. An interesting starting 
point for investigating this mechanism may be from 
the review by Gopal and Goel (1993) which attempts 
to gather evidence for allelopathy among aquatic plant 
communities and characterized allomones. Concomitant 
to this is expanding our knowledge of both algal taxonomy 
together with information on the mode of action of their 

allelochemicals (i.e. stimulatory/inhibitory action). 
	

The effectiveness of allelopathic effects is highly 
dependent on the concentration of the extracted 
metabolites. The experiment in this study was able to 
provide some evidence of allelopathy through the use of 
a microcosm experiment. However, practical utility must 
also consider stability of extracts according to ambient 
environmental conditions such as temperature, pH, 
light and dilution effects. Furthermore, susceptibility of 
target and non-target organisms should be considered in 
assay studies as this may have broad applications (sensu 
Cheng and Cheng 2015) for managing plankton blooms 
in aquaculture enclosures, ameliorating nuisance algal 
bloom events in public beaches as well as mitigating 
plankton blooms in recreational aquaria and ponds. 
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