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Abstract : Besides competing with algae for light and mineral nutrients (i.e. N, P, etc.), the root system of Acorus taterinowii excretes some
chemical substances, which injure and eliminate alga cells, to inhibit the growth of the algae. When the algae cells were treated in “A.
tatarinowii water” , some of the chlorophyll a were destroyed and the photosynthetic rate of algae decreased markedly and the ability of alga cells
to deoxidize triphenyltetrazolium chloride (TTC) reduced greatly. Then alga cells twmed from bright red to bluish green under fluorescence
microscape . These showed that the allelopathic effects of A . tatarinowii on algae were obvious and planting A . tatarinowii can control some
green algae. The experiment on the extractions of the secretions of the toot system showed that the inhibitory effect had a concentration effect .
If the concentration of the root secretion was below 30 pl/dise, the inhibitory rate was negative; if it was aver 45 pl/disc, the inhibitory rate was
positive. This proved that the influence of the root secretion on the same acceptor was a kind of concentration effect. When the concentration of
the 1oot secretion was low, it promoted the growth of algae; when the concentration reached a definite threshold value, it restrained the growth
of algae. In present case, the threshold value was between 30 pel/disc and 45 plidisc.
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Introduction

A . tatarinowsi Scott, a perennial immerged herb in wetlands, helongs to Araceae, Acorus. Iis florescence was from April
to July and its rhizome was fragrant. It is distributed over the South part of China, East Indian, Vietnam and North Thailand.
It was common in wetlands, brooks or thick forests in 20 — 2600 meters above the sea level. The rate of naphtha in its fresh
leaf and rhizome was 0.5% - 0.8% , and asarum aether was the essential composition of naphtha.

Allelopathy was the effect of a plant to other plants or microbe through secondary metabolite which was the carrier of
transitional information among plants {Rice, 1984). From the 1980’ s on, it has been established that allopathic influences
occur among some plants, this in turn is determined by the biological and chemical characteristics of soil, such as pH,
organic matter, nutrients and microbes( Dalton, 1983; Indegjit, 1995; Grime, 1976; Robinson, 1972; Blum, 1988). For
example, Dicranoprerwas dichotoma on the other plants all around ( Ye, 1987 Y, Pedicularwas resupinate on the seed
germinatation of Vicia faba and Triticum sativum (Zhang, 1981), and Eichhornia crassipes on algae (Sun, 1992) . However,

the work about allelopathic effect of A . tatarinowii on algae is less. The present study was aimed at doing so.

1 Materials and methods
1.1 Collection of the experimental materials

A . tatarinowii was collected from a clear brook in a suburb of Nanchang City, Jiangxi Province.

Algae were collected from a pond in the campus of Nanchang University. They consist of 3 phyla, 15 genera, and 32
species. The three phyla were Chlorophyta, Bacillariophyta, and Cyanophyta . The dominant genus was Scenedesmus and
Scenedesmus obliguus . S . dimophus and §. Quadricauda were common. Chlorella spp. and Pediastrum spp . could also be
found.

The Alga Laboratory of Hydrobiology Institute, Chinese Academy of Science, provided Chlamydomonas reinhardsii .
1.2 Compounding the culture solutions and mediums

A . tatarinowii was cultured in 1/10 mol/L modified Hoagland solution (Redyy, 1983), Bwaschoff and Bold Medium
(BBM)(Bold, 1987}, and normal beef cream peptone medium.

1.3 The culture conditions

A . tatarinowii was cultured near a window in & room with & northern exposure. The temperature of the room was 25 +
3°C, and the humidity was 70% — 80% .

The algae were cultured under exactly the same condition as described above, except that they were only cultured in a
modified Hoagland solution.
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1.4 Analysis methods

Algae densities were indicated by the (D, value of the culture solution{ Vusak, 1985), which was assayed with a 721
spectrophotometer made by the Third Instrument Factory of Shanghai.

Chlorophyll a was assayed using colorimetric method ( American Public Health Institute, 1985).

The deoxidization ability of Algae cells was tested using TTC decxidization methods (Steponkus, 1967) .

The algae death situation was detected using a fluorescence microscope ( OPTON model, made in German)

2 Result analysis
2.1 Test about the inhibitory effect of “the water with A . tatarinowii” on algae

Filled & 300ml conical flask with 150 ml “ A . tatarinowsi water” filtered with 0.45 pm millipore filter and added just the
right amount of culture solution. Then inoculated alga seeds, making sure that the original densily of algae ( ODgg, value)
should be 0.10. The control gronp was treated exactly in the same described above except filling no “A . tatarinowii water” .
Because the algae deposited during the course of the culture, the 0Dy, value was measured through twe ways: waving and not
waving.

The alga density of the control group rose and that in the treated group descended. More algae deposited in the treated
group than in the control group (Fig.1).
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Fig.1 Allelopathic elfect of cultured water of Acorus tatarinowii on algea

20 ml “algae water” was used to determine the content of chlorophyll a. After 0.2 ml MgCO, suspension was added to
it, the sample was centrifuged, extracted. The content of chlorophyll a was calculated after colorimetric analysis. The
chlorophyll a content in the control group was 356 mg/m' and 87.2 mg/m’ in the treated group. The calculation of the
deoxidization ability of Algae cells showed that 2.4 x 107" mg/ml of triphenylte trazolium chloride (TTC) was reduced into
deoxy-triphenylte trazolium chloride and 1.27 x 107 mg/ml in the control group-namely the ability of the algae cell to
deoxidize TTC was bigger in the control group than in the treated group.

The chlorophyll & was destroyed, so the photosynthesis intensity decreased distinctly and the ability of alga cells to
deoxidize triphenylte trazolium chloride (TTC) reduced greatly. The alga cells in the treated group were light cyan under a
florescence microscope manifested that they were close to death or already died. This proved that “ A . tatarinowii water”
contained some chemical compounds, which inhibited algae.

2.2 A comparison between the inhibitory effects of the whole plants and the rhizomes and roots of A . tatarinowii

First, three glass jars(®8 x 15 cm), covered with white paper, were filled with 3000 ml nutrient solution { original
0D, , 0.09) in which the algae grew. Then some whole plants of A . tatarinowii (fresh weight, 150g) were planted into the
first jar. The roots and rhizomes of another 150g fresh A . tatarinowii (in the similar size and form as that in the first jar)
were planted into the second jar. A . tatarinowii was not planted in the third jar. Both the second jar and the third jar were in
simulated shading, that is, a 1000 ml beaker, in which A . tatarinowi: grew, was put in the water.

This test showed that both the roots and rhizomes and the whole plants of A . tatarinowii could reduce the ODg, and
restrain algae, but the former was slower to act than the latter. The curve of whole plants had a peak in 1 — 2 days because the
CO, , exhaled by the root system, could accelerate the growth of the algae. This manifested that the roots and rhizomes of A .
tatarinowii released most of the inhibitory substances (Fig.2) .

2.3 A comparison between the allelopathic effect of shading and that of the secretion of the roots and rhizomes

In natural conditions, if water was all covered by A. tatarinewii, the roots of A . tatarinowii were almost under dark
condition. If their coverage was small, their roots were in weak light condition. The following experiment was carried out in
order to find the allelopathic effects of shading and the secretions of root and rhizome in two different conditions. Three glass
jars {®28 x 15em) were filled with 3000 ml “algae water”, the original alga density{ OD;, ) of which was 0.04. Each glass
jar was covered by a piece of white paper to simulate the weak light condition. These glass jars were treated in three different
waya: (1) the first jar: no A . ratarinowii; (2) the second jar: A. tatarinowii was planted; (3) the third jar: no 4.
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Fig.2 Comparison of inhibitory affect between the whole plant, root and rhizeme of A . tatarinewii

tatarinowii , but under simulated shading. Three opaque enamel jars (in the similar size and form to the glass ones) were used
to simulate the almost dark condition, and they were treated exactly as the glass ones. After seven days, the result is shown in
Table 1.

When the roots of A . taterinowii were in dark condition-corresponding to the water were all covered by A . tatarinowil
(the inhibitory effect of shading of the leaves and stems was bigger than that of secretions of the root and rhizome. When the
roots were in weak light condition) corresponding to the water were partly covered by A. tatarinowii, the inhibitory effect of
secretions of the root and rhizome was bigger than that of shading of the leaves und stems. In a word, the shading of the leaves
and stems and secretions of the root and rhizome restrained algae simultaneously, but their relative contribution varied with the
coverage of A . tatarinewit .

Table 1 Allopathic effects of the shading of the leaves and stems and the secretion of the root and rhizeme

Ol ey Shading Secretion
Controf With 4. Shading Quantity Rate of Quantity Rate of
tatarinowit no plant of inhibition inhibition of inhibition inhihition
Enamel jars 0.10 0.01 0.02 0.08 80 0.01 10
Class jars 0.11 0.01 0. 10 0.0k 9 0.09 &1

2.4 Extraction of the secretions of the root system

200 mi rarefied ether was added to 200 ml “A . tatarinowsi water two times” to extract the secretions of A . tatarinowii .
After the extraction had been dried with anhydro-CaCl, , it was put in 40°C water to evaporate the dissolvent (ether) . Then it
was adjusted 10 100 pl with absolute ether. Five different concentrations, namely 0, 15, 30, 45 and 75 pl/disc, of the
extraction were dropped onto five round filter papers (@11 mm} with a micro-pipette. After the dissolvent had volatilized, the
five round filter papers were transferred onto five piece of agar-BBMs (212 mm, 2.5 mm in thickness) within a culture plate
(P60 x 15 mm). Then 1541 “Chlamydomonas reinhardiii water” ( ODgy,, 0.12) was dropped into the culture plate. The
culture plate was kept within a temperature of 24 -~ 26°C and irradiated with a flucrescent lamp {80 pmol/ (m’5) ). After 96
h, the chlorophyll a contents of alga cells in each filter paper were calculated and the inhibitory rates were counted out (Table
2). ‘
If the concentration of the Table 2 Allelopathic effects of secretions from the root of A . taterinowii on algae

Toot secrétion was below 30 pl/ Inhibitory effects of different concentration of
disc, the inhibitery rate was Ttem
negative; if it was over 45 pl/
disc, the inhibitery rate was

positive. This proved that the

root secretions from A . taterinowil on alga

Raoot secretion, ul/disc 0 15 30 45 75
Inhibitory rate, % 0 -8.2 -2 +31 + 86

influence of the root secretion on Notes: + inhibitory action; — auxo-action

the same acceptor was a kind of concentration effect. When the concentration of the root secretion was low, it promoted the
growth of algae; when the concentration reached a definite threshold value, it restrained the growth of algae. In present case,
the threshold value was between 30 pl/disc and 45 pl/disc.
3 Discussion and conclusions

In the natural waters where aquatic vascular plants were common, there were few algae and the water was very clear. At
first this phenomenon was atiributed to the competition between the vascular planis and the algae for light and mineral
nutrients, but later Sun et al. thought that chemical secretions of the vascular plants restrain algae population (Sun, 1989).
The author have completed above experiment about the inhibitory effect of A . tatarinowii on algae and this also proved that the
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competition for nutrients also was not the main cause of the restraint on algae. The experiment on the extractions of the
secretions of the rool system showed that the inhibitory effect had a concentration effect. If the concentration of the root
secretion was below 30 pl/disc, the inhibitory rate was negative; if it was over 45 pl/disc, the inhibitory rate was posilive.
This proved that the influence of the rool secretion on the same acceptor was a kind of concentration cffect. When the
concentration of the root secretion was low, it promoted the growth of algae; when the concentration reached a definite
threshald value, it restrained the growth of algae. In present case, the threshold value was between 30 ul/disc and 45 plfdise.
The experiments of the root system secretions and their inhibition on the algae proved that the inhibition of A . taterinowii on
algae resulted from the fat-soluble organic compounds excreted by A . tatarinowsi . But the physical-chemical qualities of those
compounds were not known. The experiments with the whole plant and the root and rhizome of A . tatarinowii showed that the
organic substances were released by the root and rhizome of A . tatarinowi . The experiment on the effects of shading and the
secretions proved that the cause of the inhibitory effect of A . tatarinowii on algae was a synthelic action of shading, the
compelition for the mineral nutrients and the secretions of the root and rhizome. But the inhibitory effects of them varied with
space-time conditions .,

In some fresh aquatic ecosystem, the algae propagate rapidly in eutrophic water and reduce the content of the dissolved
oxygen . This will threat the survival of the aquatic creature and give rise to the so-called “deserts in the waters” (Ye, 1993).
Those algae may adhere to the surface of the immerge-plants and the roots of the emerge-plants. This was harmful to the
growth of the higher plant. But some higher plants may have some mechanisms of protection or counterattack. The above
experiments have confirmed this deduction. The secretions of the roots and rthizome of A . tatarinowii on algae can be used to
purify swimming pool and other waters of entertainment. And it was safer to use these secretions than to use inorganic
compounds, such as, cupric sulfate (He, 1999). By making through study of the chemical composition of the secretions and
the methed to synthesize them, we can produce algaecide.
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