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Allelopathy is defined as an interaction that a substance released from a plant induces some effects or changes against other
plants. The substance causing allelopathy is called an allelochemical. It is known that a lot of plants or microorganisms have
an effect promoting or inhibiting the growth of surrounding living things. The production and excretion of allelochemicals by
aquatic macrophytes could be an effective defense strategy against other photosynthetic organisms like attached algae and
phytoplankton competing for light and nutrents, Furthermore, it has been considered that the metabolites of macrophyte play
an important role in the formation of coastal ecosystems. Study on allelopathic action would be valuable for the environmental
restoration and preservation.

Many researches confirmed existence of allelopathic effect. However, the researchers have not been possible to conduct the
quantitative evaluation. Furthermore, previous researchers just revealed that the culture solution or exfracts of a macrophyte
included allelochemicals inhibiting the growth of microalgae, i.. it is unclear if allelopathy of a macrophyte is effective in an
actual aquatic environment and how much the inhibitory effect is. Therefore the purposes of this study are; first, development
of a novel bioassay method that can determine the allelopathic effect of a macrophyte on microalgae on the basis of the

influence on the maximum specific growth rate. Second, examination of seawater obtained from seaweed bed to evaluate the
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existence of allelopathic effect based on the constructed methods. Finally evaluation of some factors affecting allelopathic
effect quantitatively, and construction of a model enabling to simulate growth of microalgae considering allelopathic effect. In
this study, a brown alga Sargassum horneri and diatom Skeletonema costatum were used as a macrophyte and microalgae,
respectively.

The first chapter explains why this study was conducted and shows the objectives of the study. The importance of
restoration and preservation of coastal ecosystems utilizing ecotechnology, especially from a view of growth inhibition by
allelopathic effect of a macrophyte on harmful microalgae is stated.

The second Chapter summarizes the previous studies about allelopathy of a macrophyte on the growth of microalgae. From
the summary, the subjects were proposed and examined in the following chapters.

Chapter 3 provides the establishment of a novel bioassay method for quantitative evaluation of allelopathic effect of S.
horneri on S. costatum. S. costatum during stationary growth at preculture using 2 medium could show the maximum
specific growth rate from the start of bioassay under both poor and rich nutrient condition for 12 h. Using these growth
characteristics, a novel bioassay method was constructed on the basis of the following conditions; prepare S. costatum during
stationary growth at preculture using /2 medium, and inoculate the test microalgae into sample water and culture under an
illamination of 65 2 mol m? s™ for 12 hat 20°C.

The constructed method enabled to evaluate allelopathic effect quantitatively as decrease of the specific growth rate of test
microalgae based on the difference fiom maximum specific growth rate (Fig. 1). Using the method, the relationship between
the concentration of the extract of S sorneri and the inhibitory effect was expressed by Monod equation. Furthermore it was
revealed that nutrient addition to sample water decreased allelopathic effect and suggested the problem that the effect might be

underestimated in previous studies.
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Fig. 1 Quantification of allelopathic effect based on the maximum specific growth rate 1 oy of Skeletonema costatum.
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Fig.2 Specific growth rate of Skeletonema costatum cultured by seaweed bed inside and outside obtained in May.

From bioassay of the culture solution of S. horneri, the allelochemicals have some characteristics that they are heat-unstable
(treated 90°C for 30 min) and lose the allelopathic effect by Fe-EDTA addition. Among four kinds of extracts of S, sorneri,
only WMA (chemicals in the fraction eluted with methanol/distilled water/ammonia from activated charcoal column,
extracted from the body of a brown alga Sargassum horneri) had same characteristics as the culture solution. From vanillin
assay and heat-unstable characteristic, it was suggested that polyphenols be the allelochemicals.

In Chapter 4, seaweed bed inside (seawater collected from the sea surface of seaweed bed of S. horneri) and outside
(seawater obtained at non-seaweed bed area) was collected in April, May and June 2004 and assayed based on the novel
bioassay method constructed in chapter 3 (Fig. 2). Seaweed bed outside showed no inhibitory effect on the growth of S.
costatum, but seaweed bed inside significantly decreased the specific growth rate. Moreover, , inhibitory effect of seaweed bed
inside was disappeared by heat treatment (90°C for 30 min) and Fe-EDTA addition, which is as same as the culture solution
of S. horneri, Therefore it was considered that the inhibitory effect was due to allelopathy of S. Aorreri.

Chapter S shows model construction concerning allelopathic effect of S. horreri on the growth of S. costatum. The
relationships between (a) allelopathic effect and allelochemical concentration, (b) degradation of allelochemicals and cell
concentration of S. costatum and (c) release of allelochemicals and growth conditions of S. horneri were formulated from
culture and bioassay. Though the allelochemicals of S. sorneri have not been identified, in this study “virtual allelochemical

(Cwa), calculated by allelopathic effect ks was utilized. Allelopathic effect was proportional to Cya. Degradation of virtual
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allelochemical was evaluated quantitatively on the assumption that the decrease is caused by reaction with S. costatisn. For
release of allelochemicals by S. horneri, more release was observed as light irradiation increased, though supply of nitrogen
and phosphorus had no effect on the release.

Simulation by the above models agreed well with experimental data (Fig. 3). The models might be able to be a basic one to
apply for actual sea arcas. An ecosystem model considering interaction of nutrient competition and allelopathic effect between
S. horneri and S. costatum was constructed. Allelopathic effect was simulated in a virtual enclosed sea area. Under possible
conditions of nutrient loading and S. horneri density, nutrient absorption had little effect on microalgae, whereas allelopathy
significantly decreased them. As same as the bioassay result shown in Chapter 4, the simulation indicated that allelopathy of S.
horneri inhibiting the growth of S. costatum exists in sea areas.

Sunimary of all the results is presented in Chapter 6. The prospects for further studies are discussed.
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Fig.3 Comparison of cell concentration of Skeletorema costatum after 12 and 24 h between obtained by experimental data

and calculated by simulation model.
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