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Abstract Based on common phenomena of biochemical
interaction between plants and microorganisms, the inhi-
bitive effects of three common terrestrial compositae
plants, namely Artemisia lavandulaefolia DC., Conyza
canadensis (L.) Cronq., and Kalimeris indica (L.) Sch.-
Bip. on the blue algaeMicrocystis aeruginosa was studied.
Live compositae plants are co-cultivated with algae in two
different inoculation doses for 10 days in 5-pools incuba-
tors, in order to exclude the influence of bacteria and nutri-
ents. The results show that Artemisia lavandulaefolia DC
has the most inhibitive potential among the three plants as
evidenced by the most drastic decrease in optical density
(OD680) of the algae. The inhibition rate is 93.3% (with
initial inoculation dose of 2.0 � 106 Cells/mL) and 89.3%
(with initial inoculation dose of 4.0 � 106 Cells/mL)
respectively on the 10th day of cultivation. The average
inhibition rate during the later half of the experiment is
0.76 (with initial inoculation dose of 2.0 � 106 Cells/mL)
and 0.71 (with initial inoculation dose of 4.0 � 106 Cells/
mL), respectively. Logistic model analysis shows that com-
positae plants such as A. lavandulaefolia DC. causes the
reduction of the habitat’s carrying capacity of algae.
ANOVA analysis is used to determine the similarity and
differences between every experimental group and an aver-
age inhibitive rate model is used to evaluate the inhibition
effects. The results show that A. lavandulaefoliaDC., which
grow well in the aquatic environment, may have a great
potential in controlling algae bloom in eutrophic water.

Keywords allelopathy, compositae plants, Microcystis
aeruginosa, inhibition rate, logistic model analysis

1 Introduction

Harmful algal blooms (HABs), as a global phenomenon,
have been expanding over the last few decades [–4]. It is

estimated that the economic loss of a serious HAB event
is usually over millions of US dollars [5]. Moreover,
about 2000 cases of human-poisoning resulting from
algal toxins are reported each year [6]. In order to mit-
igate the harmful effects of HABs efficiently, it is imper-
ative to develop new prevention methods for HABs [7].
Recently, allelopathy and ecological chemistry method
is applied in eutrophication control as an economical
and effective approach.
Molisch (1937) firstly used allelopathy to describe

either positive or negative biochemical interactions
between all plant types. Rice (1979), in his definition,
included microorganisms and restricted the conceptual
content of allelopathy exclusively to negative effects aris-
ing from the production and excretion of chemical com-
pounds originating from plants and microorganisms in his
book Allelopathy [8]. After the allelopathy effect is discov-
ered to be a common phenomenon, inhibitive effect has
become a hotspot of international research in many fields
such as botany, ecology, agriculture, soil science, and hor-
ticulture [9] as a kind of safe bio-inhibitor.
Currently, aquatic plants are broadly studied in eutro-

phication control. They not only help in drawing out the
excessive nutrition from the water body, but also inhibit
algae growth [10]. As secondary metabolites of the
plants, the inhibitive chemicals can usually degrade nat-
urally and safely [11]. The successful use of aquatic
plants in eutrophication control includes canna and
acorus [12].
Many terrestrial plants also have strong allelopathy

effect, together with the stronger ability to absorb nutri-
tion than many aquatic plants. Another advantage is that
their growths are not affected by the mass algae in the
eutrophic water body [13]. Some terrestrial plants have
already been used to control eutrophication through arti-
ficial floating-islands, as these plants have a high biomass
due to their fast growth, which can help with nutrition
extraction. A typical example of this is rice Lolium multi-
florum Lam [14]. However, there are still no reports about
the use of terrestrial plants in eutrophication controlE-mail: zhangwh@whu.edu.cn
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concerning both their superiority on biomass and their inhi-
bitive effect. And it can be inferred that the combination
of the two effects might greatly improve the inhibitive
effect of algae.
The terrestrial plant family compositae is the most

diversified family in the world, in which at least 39 genera
have been confirmed to have inhibitory substances [15].
The current studies of compositae mostly focus on its
inhibition of terrestrial species such as invasive alien
weeds and fungi, and have been shown to have obvious
inhibitive effects [13], while their utilization on inhibition
of algae, which might be promising, has not been studied
yet. Moreover, decades of studies about soilless cultiva-
tion suggest that theoretically, any plant can adapt to
soilless culture if treated properly [16], and the many suc-
cessful cases have also provided reliable basis for the co-
cultivation experiment [17–19].
This paper studied the inhabitation of three terrestrial

plants on Microcystic aeruginosa–one of the blue algae
which cause the water algae bloom. It provides a scientific
basis for the possibility of controlling bloom by composi-
tae and the development of a new algaecides chemical.

2 Materials and methods

2.1 Compositae plants and algae

Three plants: Artemisia lavandulaefolia DC. (abbreviated
as A.L.D.C.), Conyza canadensis (L.) Cronq. (abbreviated
as C.C.C.), and Kalimeris indica (L.) Sch.-Bip (abbre-
viated as K.I.S.B.) collected in the roadside, in Luojia
Hill and flower bed, respectively were tested for their inhi-
bitive effect on blue alga, here specified as Microcystis
aeruginosa which is provided by FACHB-collection
(Freshwater Algal Culture Collection of Institute of
Hydrobiology) of the Chinese Academy of Sciences [20].
The detailed information of the tested plants are listed in
Table 1.
Prior to the experiment, the algae is cultured for 7 days

up to the exponential growth stage in BG-11 medium with
a light flux of 4000 Lux (light: dark cycle, 16 h: 8 h) at
25°C, and a high biomass with cell concentration of
5.0 � 106 Cells/mL is obtain at the end of incubation.

2.2 Experiment device

Structural diagram of the incubator for microenviron-
ment simulation is shown in Fig. 1 [12]. The Incubator
is made by plexiglas, which is transparent to ensure suf-
ficient light for photosynthesis. Each incubator comprised
of five pools. The larger pool in the center is used for the
cultivation of compositae and the smaller ones around for
algae. The round holes between them are covered with
0.45 μm of microporous filter membrane and gauze, in
order to prevent the disturbance from the rhizosphere
bacteria and protozoa that adhere to the plant’s roots
[21]. The nutrients in the medium and the inhibitive che-
micals can freely exchange within the five pools.

2.3 Research methods

2.3.1 Pretreatment of plants

Selected healthy plants with intact root system are bota-
nized carefully. Then the roots are soaked and rinsed in
tap water several times to remove the adhered soil until no
soil remained in the water at the last wash. The old leaves
and some flowers are pruned; the plant is cut at a length of
30–60 cm at a weight of about 100 g, which ensured nor-
mal photosynthesis. Then the roots are dipped into 4 g/L
of Strengthen Rooting Medium (Xinhai Haida
Environmental Protection Science and Technology Co.,

Table 1 Information of the three compositae plants

No. genus name species name growth cycle collection sites habitat medicinal parts/functions

1 Artemisia Artemisia
lavandulaefolia DC.

perennial herb roadside in campus valley, grassland,
shrub roadside

whole grass/urinary tract
infection therapy

2 Conyza Kalimeris indica
(L.) Sch.-Bip

annual herb roadside in campus farmland, roadside,
furrows, wild field and
surrounding of the
habitant area

whole grass/unknown

3 Kalimeris Conyza canadensis
(L.) Cronq.

annual herb Luojia Hill and
roadside in campus

hillside and roadside whole grass and roots/
Qingrejiedulishi therapy

Fig. 1 Diagram of the experimental device
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Ltd, Ningxia, China) for 1–2 min to promote the growth
of roots. Finally, the plants are cultivated in the 4 times
diluted BG-11culture medium [22] for 3–4 d to make them
adapt to the aquatic environment gradually. Before co-
cultivation, the roots are soaked in 0.5% KMnO4 solution
for about 30 min to eliminate bacteria adhering to the
roots. The remaining potassium permanganate on the
roots is rinsed by distilled water for several times. Then
the plants are put into the central larger pool of the incub-
ator, and fixed with adhesive tape.

2.3.2 Determination of the inhibitive effect on algae

Examination of the inhibitive effects of the three plants on
the blue algae Microcystis aeruginosa is conducted using
the 5-pool incubator as described above; each incubator is
used exclusively for one type of plant. 100 g of plants are
cultivated in the central large pool with a volume of
2600 mL, and the four small pools with a volume of
250 mL for algae cultivation. Two initial inoculation
doses, i.e., 2 � 106 Cells/mL and 4 � 106 Cells/mL are
set and each has a duplicate. Superfluous nutritional salt
is added to preclude the possibility of nutrition limitation
affecting algae growth. Erlenmeyer flasks inoculated with
150 mL of algae with the same cell concentration served
as controls and also two parallels for each concentration is
run.
The algae optical density is determined every 24 hours

by UV-Vis spectrophotometer. The TN and TP are deter-
mined on the 10th day. At the same time, the morphology
of algae cells are observed under a light microscope
(Eclipse E200, Nikon USA) at 50 � magnification and
photographed when significant changes appeared on each
group with a digital camera (Megapixel Firewire Camera
PL-A662, Canada).

2.4 Analysis methods

2.4.1 Determination of the cell concentration

Cell concentration of algae is determined by spectropho-
tometry [23], based on the linear relationship between the
algae concentration and its optical density. The algae’s
maximum absorption wavelength is 680 nm. The absorb-
ency can be converted into the cell concentration through
a working curve (Fig. 2) which is obtained as follows:

2.4.2 Determination of total nitrogen (TN) and total
phosphorous (TP)

TN is determined by persulfate oxidation-UV spectrophoto-
metry (with Unico UV2000, Unico Instrument Co.,
Ltd., Shanghai, China); TP is determined using the
method of molybdenum antimony-spectrophotometry
(with Unico UV2000, Unico Instrument Co., Ltd.,
Shanghai, China) [22].

2.4.3 Fitting analysis of the algae growth data

There are two types of growth curves for algae [24],
namely the J-curve and S-curve. In this experiment, the
growth of cells is affected by many factors such as space,
nutrition, protozoa, and inhibitive chemicals. Therefore,
it is impossible for algae to grow following a J-curve.
However, a logistic curve (S-curve) can be used to describe
the growth of the cell under a complicated environment:

Ct ¼
K

1þ ae – rt
, (1)

when

a ¼ ea0 , Ct ¼
K

1þ ea0 – rt
, (2)

t ¼ 0, C0 ¼
K

1þ a
, (3)

where K is the habitat’s carrying capacity (104 Cells/mL),
r is instantaneous growth rate (day–1) and a is a constant
that is related to the initial concentration C0 and K.
Equations (1) and (2) are two types of the logistic model,
and Eq. 1 is used in our study. There is a positive correla-
tion between (a + 1) and K when C0 is definite (Eq. (3)).
Different parameters and fit curves can be obtained

after fitting, using Origin 7.5 software (OriginLab
Corporation, USA).These parameters can be used to
evaluate the inhibitive effect of different plants.
The parameter tx (0 < x < 1) is used to predict the time

to grow to xK (x of K), and the inhibition can be evaluated
by comparing these calculated parameters t0.5, t0.75, t0.9,
t0.99 (Eqs. (4) – (7)) between the treatment and the control.
For example, t0.99 represents that it takes t0.99 to reach 99%
of the habitat’s carrying capacity K.

Fig. 2 Working curve used to convert the absorbency into
the cell concentration
[where: absorbency = 0.00241 + 5.2 � 10–4 � (cell concentra-
tion), R = 0.9994, P < 0.0001]
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t0:5 ¼ ln a

r
, (4)

t0:75 ¼ ln a

r
þ ln 3

r
¼ t0:5 þ ln 3

r
, (5)

t0:9 ¼ ln a

r
þ ln 9

r
¼ t0:5 þ ln 9

r
, (6)

t0:99 ¼ ln a

r
þ ln 99

r
¼ t0:5 þ ln 99

r
, (7)

2.4.4 Calculations of inhibition rate and average
inhibition rate model analysis

The inhibition rate which is calculated using the modified
equation (Eq. (8)) [25] and average inhibition rate model
(Eq. (9)) built under the independent assumption of IRt

values during the last half of the experiment period are
as follows:

IRt ¼
Cc
t –C

e
t

Cc
t

, (8)
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>>>>>>:

(9)

where IRt is the ratio between the treatment’s cell con-
centration and the control’s cell concentration at the time
of t, Ct

e is the treatment’s cell concentration at the time t,
Ct

e is the control’s cell concentration at the time t, and
�IRhalf is average inhibition rate during last half of the
experiment period. When �IRhalf < 0, the plant has a pro-
moting effect; when �IRhalf ¼ 0, the plant has no effect;
when 0 < �IRhalf < 0:25, the plant has less inhibitive effect;
when 0:25£�IRhalf < 0:5, the plant has inhibitive effect;
when 0:5 < �IRhalf£0:75, the plant has more inhibitive
effect; when �IRhalf³0:75, the plant has the most inhibitive
effect.

2.4.5 ANOVA analysis

ANOVA is used to test whether the difference between the
means of the two groups is statistically significant or not,
and to offer analysis of the difference in significance
between several groups. ANOVA analysis and average
inhibition rate model (built by author) analyses are both
found to be good in evaluating the inhibitive effect of the
plants. While SPSS software is utilized to do multiple
comparisons between different treatment groups at the

same inoculation dose.

3 Results and discussion

3.1 Phenomena analysis

It seems that the inhibitive effects of three compositae
plants A.L.D.C., C.C.C., and K.I.S.B. are distinct com-
pared with the control under an initial inoculation dose of
2.0� 106 Cells/mL (Fig. 3). The inhibition on algae growth
started to show after 2 days of co-cultivation with the three
plants. After 7 days of co-cultivation, the population
decreases sharply compared with that of the control; the
culture medium is nearly colorless in the algae pool of the
experiment device. This indicates that the algae are com-
pleted inhibited. The inhibition rate of A.L.D.C. and K.I.S.
B. on the 7th day is 74.6% and 41.9 % respectively. The
inhibition of the C.C.C. is relatively weak. After 10 days’
incubation, the inhibition capacity of the tested three plants
can be ranked as A.L.D.C.> K.I.S.B.> C.C.C..
A.L.D.C. shows the highest inhibition effect among the

tested plants in the trial with an initial inoculation dose of
4.0 � 106 Cells/mL (Fig. 4). After 4 days, the population
density of algae maintained at the level of 4 � 106 Cells/
mL, with the color of the culture turning brown and the
algae agglomerating. After 10 days’ co-cultivation, the
inhibition rate of this trial reaches 89.3% with a popu-
lation density of 2.0 � 106 Cells/mL.
However, the algae growth tendency in the trial of co-

culture with C.C.C. does not change, which is similar to
the result of the lower initial inoculation dose. Finally, the
IR10 value is 4.9%, only a little different from the control.
So it can be concluded that different inoculation concen-

Fig. 3 Algae growth curves(symbol and line) and logistic
fitting curves (dashed) of three compositae plants (A. lavandu-
laefolia DC., C. Canadensis (L.) Cronq., and K. indica (L.) Sch.-
Bip.) under the initialization concentration of 2.0 � 106 Cells/
mL during 10 days.
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trations do not affect the inhibition of the C.C.C. on the
growth of the algae.
In the trial with higher initial inoculation dose, K.I.S.B.

shows a great difference from that of lower initial inocu-
lation dose. The plant begins to promote the growth of
algae on the 9th day. According to the descriptions above,
it can be concluded that with high initial inoculation dose,
the inhibition capacity of the tested three plants can be
ranked as A.L.D.C.> C.C.C.> K.I.S.B..
According to the analysis of the Figs. 3 and 4, it is

found that A.L.D.C. has the same effect under a different
initial inoculation dose. The cell number changed greatly
on the 10th day compared with the values days before.
After long-term accumulation of the inhibitive chemicals
in the culture medium, a large number of algae are killed
in a very short time because the resistance of Microcystis
aeruginosa collapses. C.C.C. shows no inhibitive effect at
all, indicating that little inhibitive chemicals are produced
or the concentration of the inhibitive chemicals produced
is too low to inhibit cell growth.
Under light microscope, it is discovered that the algae

inhibited by A.L.D.C. has non-uniform distribution and
the cells are bigger than that of the control group’s. Sun et
al [7] studied the mechanism of harmful algal bloom mit-
igation by use of sophorolipid which is produced by some
plants. They found the thecae of the cell are damaged by
that chemical. The phenomenon described in Sun’s study
is similar to this study.

3.2 Logistic model analysis

The parameters of logistic growth curves are obtained by
fitting the experiment data in the logistic equation (model)
(Eq. (1)) (Table 2). The parameters of the control group
are the reference values of the treatment group.
It indicates that the environmental capacity of the algae

population decreases under the stresses of inhibitive che-
micals; hence the algae’s growth is limited. The K value of
the C.C.C. trial is close to or larger than that of the con-
trol, showing that the plant has a promotive effect on
algae instead of an inhibitive effect. In this model, the
fluctuation of instantaneous growth rate r is caused by
inhibitive chemicals. In the three trials, some r values fluc-
tuate drastically (relative deviation 130%–200%) (Table 2,
column 5), and some values are even negative, and algae
grow unstably. Other r values have limited change ranges
(relative deviation 11%–22%) (Table 2, column 5); there-
fore, the algae grow stably.
The results of the logistic model analysis are in accord-

ance with those of phenomena analysis. These confirm the
stress caused by A.L.D.C. and K.I.S.B. Different tx for
50% of K, 75% of K, 90% of K, and 99% of K, are calcu-
lated using these parameters (Eqs. (4), (5), (6), and (7),
Table 2) t0.5, t0.75, t0.9, and t0.99 (Table 2, column 6, 7, 8,
and 9). These are used to evaluate whether the algae num-
ber reached the habitat’s carrying capacity. The analysis
of tx indicates that algae population in the promotion
group and the control group do not reach the habitat’s
carrying capacity.

Fig. 4 Algae growth curves (symbol and line) and logistic
fitting curves (dashed) of three compositae plants (A. lavandu-
laefolia DC., C. Canadensis (L.) Cronq., and K. indica (L.) Sch.-
Bip.) under the initialization concentration of 4.0 � 106 Cells/
mL during 10 days

Table 2 Parameters K, a, and r of logistic growth curves

compositae plants cell concentration
104 Cells$mL–1

K/104 Cells$mL–1 A r/day–1 tx/day

t0.5 t0.75 t0.9 t0.99

A. lavandulaefolia DC. 200* 340 1.16 ± 1.01 0.36 ± 0.53 0.4 3.5 6.6 13.3

400** 331 0.04 ± 0.06 1.08 ± 2.18 – – – 1.3

C. Canadensis (L.) Cronq. 200 6887 38.64 ± 58.25 0.25 ± 0.07 14.4 18.7 23.0 32.5

400 11802 35.72 ± 62.45 0.19 ± 0.04 18.6 24.3 30.1 42.5

K. indica (L.) Sch.-Bip. 200 533 3.29 ± 2.03 0.46 ± 0.27 2.6 5.0 7.4 12.6

400 10712 34.42 ± 27.76 0.23 ± 0.03 15.4 20.2 25.0 35.4

control 200 6889 33.49 ± 26.99 0.27 ± 0.06 12.9 16.9 21.0 29.8

400 3169 8.64 ± 1.17 0.28 ± 0.03 7.8 11.7 15.7 24.4

Notes: The algae growth data of three compositae plants under the same concentration is fitted by logistic equation utilizing Origin 7.5 fitting
function. The parameters R-square (R2) is very important, for it is used to evaluate whether the fitting is good or not. In the table above * R2 = 0.9677,
** R2 = 0.9888, n = 10, the fitting is very good. “–”shows that the values are not reasonable.
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3.3 ANOVA and average inhibition rate model analysis

According to the multiple comparisons principle, if the
result of variance equal test shows that the significance
possibility p> 0.05, it indicates that the variance has no
significant difference and is equal at a = 0.05 level
(Table 3). For the trial with initial inoculation dose of
2.0 � 106 Cells/mL, significance possibility p = 0.185>
0.05, it indicates that the difference of 10-day-average
inhibition rates between A.L.D.C. and K.I.S.B. are insig-
nificant in this trial. They belong to a group caused by a
similar factor. There is still a certain difference of p = 0.185,
indicating that the degree of effect of this factor is different.
There is significant difference in the 10-day-average inhibi-
tion rate between A.L.D.C. and C.C.C. And there is sig-
nificant difference in the 10-day-average inhibition rate
between K.I.S.B. and C.C.C. The results in the trial with
an inoculation dose of 4.0 � 106 Cells/mL show that the
difference of the 10-day-average inhibition rate between
K.I.S.B. and C.C.C. is insignificant. They belong to a group
caused by a similar factor; however, there is still a certain
difference of p = 0.082> 0.05. The difference of 10-day-
average inhibition rate between A.L.D.C. and C.C.C. is
significant, and so is the difference of 10-day-average inhibi-
tion rate between K.I.S.B. and A.L.D.C.. Hence, it is con-
cluded that the growth of C.C.C. is influenced by another
factor of inhibition in both trials as analyzed above.

The inhibitive potential is analyzed with the average
inhibition rate model (Eq. (9), Table 4, Figs. 5 and 6).
In the trial with the inoculation dose of 2.0 � 106

Cells/mL, the IR of the C.C.C. keeps fluctuating at 0.19,

while the IR of other plants shows a tendency to go up; the
algae cell division of the A.L.D.C. group is quicker than
that of the K.I.S.B. group. In the trial with the initial
inoculations dose of 4.0 � 106 Cells/mL, the distances
between the three IR curves are large after 10 days’ cul-
tivation; therefore, the difference in the inhibitive effect of
these three plants is significant at this inoculation level.
According to the data in Table 4, the A.L.D.C. exhibits
the highest inhibitive potential on algae growth at both
inoculation levels. While the K.I.S.B. shows growth-pro-
moting tendencies at a higher concentration.
Comparing the two kinds of analyses, it is found that

they supplement each other. In the analysis above,
ANOVA analysis is used to distinguish the differences
between them and classify them. Average inhibition rate
model analysis tells the detailed difference in evaluating
the inhibitive level or degree.

Table 3 Multiple comparisons of the inhibition rate between three

plants

cell concentration plant (I) plant (J) mean
difference (I–J)

sig.

200 � 104/a Cells$mL–1 A.L.D.C. C.C.C. 0.395* 0.000

A.L.D.C. K.I.S.B. 0.100 0.185

C.C.C. K.I.S.B. 0.295* 0.000

400 � 104/b Cells$mL–1 A.L.D.C. C.C.C. 0.390* 0.001

A.L.D.C. K.I.S.B. 0.492* 0.000

C.C.C. K.I.S.B. 0.101 0.082

Notes: * The mean difference is significant at the 0.05 level.
a. LSD analysis, b. Tamhane analysis

Table 4 �IRhalf value of three compositae plants and their

inhibitive potentials

A.L.D.C. C.C.C. K.I.S.B.

2.0 � 106/Cells$mL–1 0.76 0.19 0.67

inhibitive potentials ++++ + +++

4.0 � 106/Cells$mL–1 0.71 0.16 –0.03

inhibitive potentials +++ + –

Notes: ++++ represents the most inhibitive effect; +++ represents more
inhibitive effect; ++ represents inhibitive effect; + represents less inhibi-
tive effect; 0 means no effect, – represents promotion.

Fig. 5 Inhibition rate curves(symbol and line) and evalu-
ation curves (dashed) of three compositae plants (A. lavandu-
laefolia DC., C. Canadensis (L.) Cronq., and K. indica (L.) Sch.
-Bip.) under the initialization concentration of 2.0 � 106 Cells
$mL-1 during 10 days

Fig. 6 Inhibition rate curves(symbol and line) and evalu-
ation curves (dashed) of three compositae plants (A. lavandu-
laefolia DC., C. Canadensis (L.) Cronq., and K. indica (L.) Sch.
-Bip.) under the initialization concentration of 2.0� 106 Cells$
mL-1 during 10 days
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3.4 Effects of space, nutritional salt, and protozoa

The study shows that the cell number of the control and
the promotion groups are more than that of the inhibition
group, which indicates that the decrease of the amount do
not result from space limitations. In natural water, the
blue or green algae will over-reproduce if the TP concen-
tration exceeds 0.2 mg/L and TN concentration exceeds
2.0 mg/L [26]. The TN and TP concentrations determined
on the 10th day shows that the lowest TN (41 mg/L) of the
three plants is 20.5 times higher than the limit TN value
(2.0 mg/L), and lowest TP (2.4 mg/L) is 12 times higher
than the limit TP value (0.2 mg/L) (Fig. 7). Therefore, it is
impossible that the limited growth resulted from the lack
of nutritional salts such as TP and TN. Zhang, et al [22]
found that the protozoa may be one of the main causes for
the inhibitive effect by barley straw extract. In our study,
the 0.45 μm of microporous filter membrane is used to
quarantine the protozoa that exist in the plant box from
the algae, allowing chemicals to permeate. Therefore, a
conclusion can be drawn that the effect of space, nutri-
tional salts, and protozoa on the growth of the algae can
be eliminated.

4 Conclusions

The inhibition rates on the algae growth of the three
plants Artemisia lavandulaefolia DC., Conyza canadensis
(L.) Cronq., and Kalimeris indica (L.) Sch.-Bip are 93.3%,
17.1% , 88.6% (at initial inoculation dose of
2.0 � 106 Cells/mL), and 89.3%, –3.8%, and –30.8% (at
initial inoculation dose of 4.0 � 106 Cells/mL), respec-
tively. It can be concluded that A. lavandulaefolia DC.
has the strongest inhibitive potential among them.
Logistic model analysis indicates that compositae plants

such as A. lavandulaefolia DC. decrease the algae habitat’s
carrying capacity, resulting in a shorter time to reach the
capacity value for the inhibition groups. An average
inhibition rate model is utilized to evaluate the inhibitive

effect of the three plants. ANOVA analysis gives a proof
of the similarity and the difference among every experi-
mental trial. Terrestrial plant A. lavandulaefolia DC.
grows well in the aquatic environment, thus it shows a
great potential to be applied to treat eutrophic water.

Acknowledgements This work was supported by the National Natural
Science Foundation of China (Grant No. 20877060), and the Project of the
State Key Laboratory of Freshwater Ecology and Biotechnology
(Grant No. 2005 FB06). The authors would like to thank School of
Resource and Enviormental Science, Wuhan University for its finical
support as well (Water Environment Research & Data Sharing
Platform in the Middle Reaches of the Yangtse River, Grant No.
WERDSPMYR-0606).

References

1. Anderson D M. Toxic algal blooms and red tides: A global
perspective. In: Okaichi T, Anderson D M, Nemoto T, eds.
Red Tides: Biology Environmental Science and Toxicology.
New York: Elsevier, 1989, 11–16

2. Smayda T J. Primary production and the global epidemic of
phytoplankton blooms in the sea: A linkage? In: Cosper E M,
Bricelj V M, Carpenter E J, eds. Novel Phytoplankton Blooms,
Coastal and Estuarine Studies Number 35. New York:
Springer-Verlag, 1989: 449–484

3. Smayda T J. Novel and nuisance phytoplankton blooms in the
sea: Evidence for a global epidemic. In: Graneli E, ed. Toxic
Marine Phytoplankton: Fourth International Conference,
Lund, Sweden, June 26–30, Vol 21. New York: Elsevier
Science, 1989: 29–40

4. Hallegraeff G M. A review of harmful algal blooms and their
apparent global increase. Phycologia, 32: 79–99

5. Global Ecology and Oceanography of Harmful Algal Blooms
(GEOHAB). Global Ecology and Oceanography of Harmful
Algal Blooms, Science Plan. In: Gilbert P, Pitcher G., eds.
Scientific Committee on Oceanic Research (SCOR) and
Intergovernmental Oceanographic Commission (IOC),
Baltimore and Paris , 2001: 86

6. Zingone A, Enevoldsen H O. The diversity of harmful algal
blooms: A challenge for science and management. Ocean and
Coastal Management, 2000, 43: 725–748

7. Sun X X, Choi J K, Kim E K. A preliminary study on the
mechanism of harmful algal bloom mitigation by use of
sophorolipid treatment. Journal of Experimental Marine
Biology and Ecology, 2004, 304: 35–49

8. Rice E L. Allelopathy. 2nd. Orlando: Academic Press, 1984, 12

9. Narwal S S. Allelopathy in ecological agriculture. Allelopathy
in Ecological Agriculture and Forest 2000: 11–32

10. Hu H Y. Research progress on phyto-allelopathic algae control.
Ecology and Environment, 2006, 15(1): 153–157 (in Chinese)

11. Zhuang Y Y, Zhao F, Dai S G. Algal growth inhibition by
phytotoxins. Advances in Environmental Science, 1995, 6(3): 44–
49 (in Chinese)

12. Zhang W H, Zhou L F, Wu X G, Song L R. Allelopathic effect
of Acorus calamus on Microcystis aeruginosa. China
Environmental Science, 2006, 26(3): 355–358 (in Chinese)

13. Zhan Y L, Lu P, Wu X F. A Review of researches on phyto-
allelopathy in algal inhibition. Environmental Science and
Management, 2006, 7(31): 50–52

14. Li Y J, Jin X C, Nian Y G, Hu S R, HuX Z. Artificial floating
island technology and its applied research. Technology of
Water Treatment, 2007, 33(10): 49–51 (in Chinese)

Fig. 7 TN and TP concentrations in the culture medium
BG-11 after 10 days’ experiment

54 Front. Environ. Sci. Engin. China 2009, 3(1): 48–55



15. Zhou K. The research progress of compositae on allelopathy.
Acta Ecological Sinica, 2004, 24(8): 1780–1788 (in Chinese)

16. Li F H. The History and status in soilless culture advances.
Heilonjiang Institute of Agricultural Modernization Chinese
Academy of Sciences, 1999, 15(4): 313–514 (in Chinese)

17. Savvas D, Manos G. Automated composition control of nutr-
ient solution in closed soilless culture systems. Journal of
Agricultura Engineering Research, 1999, 73(1): 29–33

18. A1tunlu H. Postharvest quality of cucumber grown by soilless
culture. Acta Horticulture, 2000, 517: 287–292

19. Bohme M, Ouahid A, Shaban N. Reaction of some vegetable
crops to treatments with lactate as bioregulator and fertilizer.
Acta Horticulture, 2000, 514(P4): 33–40

20. Song L, Liu Y, Gan X, Zhu Y, Yu M. FACHB-collection:
General introduction and the strain list. Acta Hydrobio-
logica Sinica, 1999, 23(Suppl) 537–546

21. Zhang X, Hu H Y, Mem Y J. Inhibitory effect of extract from
barley straw on the growth of Microcystis aeruginosa. Acta
Scientiae Circumstantiae, 2007, 27(12): 1984–1987 (in Chinese)

22. Ding H J, Peng Q, Zhang W H, Wu X G, Zhou L F, Fang T.
Inhibition Effect of wetland plants on Microcystis aeruginosa.
China Environmental Science, 2006, 26(3): 355–358 (in
Chinese)

23. Hu X W, Dong Y Y, Zhang X P, Ye F B. The measurement of
anabaena flos-aquae with visible spectrophotography.
Journal of Huazhong Agricultural, 2002, 21(3): 296–297 (in
Chinese)

24. Schanz F, Zahler U. Prediction of algal growth in batch cul-
tures. Aquatic Sciences-Research Across Boundaries, 1981,
43(1): 103–113

25. Park M H, Han M S, Ahn C Y, Kim H S, Yoo B D, Oh H M.
Growth inhibition of bloom-forming cyanobacterium
Microcystis aeruginosa by rice straw extract. The Society for
Applied Microbiology, Letters in Applied Microbiology, 2006,
43: 307–312

26. Chen S Y, Xiong D Q. The fuzzy set theory and model for
assessing lake eutrophication. Journal of Lake Science, 1993,
5(2): 144–152 (in Chinese)

Weihao ZHANG et al. Inhibitive effects of three compositae plants on Microcystis aeruginosa 55


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




