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Marigold (Tagetes erecta L.) is a perennial edible medicinal plant. In order to test the allelopathic effect of
marigold leaf extract on Chlorella vulgaris, the microalgae growth conditions under different concentrations
of marigold leaf extract (0 to 50 g/I) were studied. The results showed that microalgal growth was inhibited
by marigold leaf extract, and inhibition commonly increased with increasing concentration of the extract
and culture time. The maximum inhibition rate (90.1%) appeared in leaf extract of 30 g/l after 14 days of
incubation; marigold leaf extract induced chlorophyll degradation in algae cells, increased the permeability of
cell membrane, and caused exudation of soluble protein and nucleic acid, leading to the damage of algae cell
structure and metabolic dysfunction. The present results confirmed that marigold leaf extract has an allelopathic
inhibition effect on C. vulgaris, and the results could be further applied to develop safe and efficient algaecides.

1. INTRODUCTION

Due to excessive use of chemical fertilizers and improper treatment
of organic wastewater, large amounts of nitrogen, phosphorus,
and other organic chemicals are discharged into water bodies,
leading to algal bloom in the hot season. An algal bloom has been
a worldwide public hazard, and the control of algal bloom is of
great significance to the maintenance of ecological security [1].

Allelopathy among organisms can be applied to control the
population of their neighboring organisms. Allelopathy refers
to the process involving secondary metabolites of plants,
microorganisms, viruses, and fungi affecting the development
and growth of biological and agricultural systems. Its mechanism
of action is to destroy the photosynthesis of plants, change the
activity of antioxidant enzymes, and damage the structure of the
cell membrane to inhibit plant growth and development [2]. The
phenomenon of allelopathy is widespread in nature; for example,
decomposing residues of leaves and stems from Jerusalem
artichoke possessed phytotoxic potential. It could reduce the
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radicle growth of Lactuca sativa Linn. (60%), Lycopersicon
esculentum (30%), Digitaria sanguinalis (L.) Scop. (70%), and
Echinochloa crusgalli (L.) Beauv (30%) [3]. Marigold (Tagetes
erecta L.) also has an allelopathic effect on soil microbes and
nematodes of papaya, as a rotation crop or intercropping to control
plant parasitic nematodes [4,5].

Most allelochemicals are phenolic compounds and terpenes [6].
Qian et al. [7] found that N-phenyl-2-naphthylamine can change
the physiological state and subcellular structure of Chlorella
vulgaris and reduce the transcription abundance of photosynthesis
genes psaB and psbC. Shao et al. [8] studied the allelopathic
mechanism from the gene expression level that pyrogallol inhibits
the growth of Microcystis aeruginosa. These findings implied that
allelopathy could be used to control microalgae outbreaks. Studies
of allelopathic effects on the control of microalgae growth can be
found in some herb medicinal plants such as marigold, Taraxacum
mongolicum Hand.-Mazz, Achillia santolina, and Ficus carica
L. [5,6,9]. However, there was little research of marigold testing
effects on C. vulgaris.
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Marigold is a perennial herb, rich in flavonoids, choline,
phenolic acid, inulin, and so on. It is a kind of edible medicinal
plant, and people often extract lutein from its flowers due to
very high carotenoids. However, marigold leaf extract can
inhibit the growth of cancer cells and bacteria mainly because of
chemical compounds like flavones, chlorogenic acid, and coffee
acid which functioned as antibacterial, anti-inflammatory, and
antioxidant effects [10,11]. After the extraction of carotenoids
from the flowers, the flower remains are discarded leading to
a waste of resources. In addition, marigold occurs widespread
throughout the world and the extract of marigold does not
cause secondary pollution to the environment. Therefore, it is
necessary to utilize the whole plant, and using marigold extract
may be feasible to inhibit microalgal growth. The objective of
this study was to explore whether microalgal growth could be
inhibited by marigold leaf extract through the study of variations
of algal biomass, chlorophyll a, soluble protein, nucleic acid,
and membrane permeability under different concentrations of
marigold leaf extract.

2. MATERIAL AND METHODS

2.1. Marigold Leaf Extraction

About 500 g mature marigold leaves were collected from a
local garden in the Rajamangala University of Technology
Srivijaya, Thailand (99.348°E, 7.525°N). Leaves were cleaned,
dried, crushed, and then passed through a 0.25 mm sieve. 75 g
fine powder was mixed with 500 ml of 0.1% cellulase solution
(cellulase activity 5,000 U/g, cellulase content 0.5 g, and solution
pH = 4) and extracted 30 minutes at 60°C following the extraction
method described previously [12]. The water extract was filtered
by 0.45 um membrane and condensed to 300 ml by a Termovap-
Sample Concentrator (QF-3800, Shanghai Forthright Bio. & Tec.
Co., Ltd., China). Allelochemical concentration was described
as the variation of dry marigold leaf weight in the final extract
solution. Thus, 250 g/l marigold leaf extract was obtained.

2.2. Microalgae Cultivation

Microalgae were isolated from wastewater from a local food plant
in Trang, Thailand, morphologically identified as Chlorella species
by a confocal laser scanning microscopy (Axio-Imager LSM-800,
Carl Zeiss), and genetically identified as C. vulgaris by 18S rDNA
sequencing analysis following our previous study method [13].
The alga was cultured in a photobioreactor in modified Johnson’s
medium to a minimal cell density of 5 x 10° cells/ml as the seed.
The microalga was illuminated at 84 pumol/m?/second with a light
to dark cycle of 12:12 hours; the culture temperature was 23°C—
28°C and allowed to vary naturally. The stirring speed was 80 rpm
by magnetic agitators [14,15].

2.3. Experimental Design

Different concentrations (0, 5, 10, 20, 30, and 50 g/1) of marigold
leaf extract were added to microalgae solution as six treatments
and three replications for each. Marigold extract free served as the
control. The final volume of microalgae and marigold leaf extract
was 250 ml. The initial cell density was 1.2 x 10° cells/ml, and
the cultivation time was 2 weeks. The cell density, chlorophyll

a content, cell membrane permeability, soluble protein content,
and nucleic acid content were periodically checked during the
cultivation period.

2.4. Determination Method

The compounds in marigold leaf extract were determined by
ultra performance liquid chromatography (Waters UPC2/I-Class
UPLC, USA) equipped with ZORBAX Eclipse Plus C18 column
(3.0 x 150 mm, 1.8 um) under a mobile phase of 0.1% formic
acid water (A) and acetonitrile (B) by the gradient elution as the
method described [12,16]. Cell density was directly counted by a
hemocytometer, and then cell growth inhibitory rate was calculated
as the rate of decreased cell density in marigold leaf extract
treatments compared to that of control treatment. Chlorophyll a
content was checked by a UV-Vis spectrophotometer (Agilent Cary
300, Agilent Technologies Inc., USA) based on a method described
after mixing the pellets with methanol [17]. Cell membrane
permeability was checked by the UV-Vis spectrophotometer after
10 ml microalga solution filtered by 0.45 pm Whatman qualitative
filter paper and the remaining algal sludge treated with 0.3 atm
vacuum for 1 hour based on the method described previously [18].
Cell membrane permeability was expressed as the relative change
of optical density (OD) value (OD,,/ml/hour); soluble protein
content was determined by the UV-Vis spectrophotometer at 595
nm based on the Bradford method [19]; nucleic acid content was
checked by the UV-Vis spectrophotometer after 5 ml microalga
solution being filtered with a 0.2 pm syringe filter to remove the
algal cells based on the method described. Nucleic acid content
was expressed by the OD value at 260 nm [20].

2.5. Data Analysis

All data were gathered by software of Microsoft Excel 2010,
and statistical analysis was carried out using the SPSS 19.0 for
Windows V10 computer statistics program. All data displayed a
normal distribution checked by the Kolmogorov—Smirnov test.
The results are given as mean + standard deviation (SD). Data
significance analyses were conducted using a one-way variance
analysis and Dunnett’s test. The p-value was determined to be
0.05 using two-tailed tests throughout. Figures were created with
Origin 8.0 software.

3. RESULTS AND DISCUSSION

3.1. Marigold Leaf Extract Inhibited the Growth of
C. vulgaris

Marigold leaf extract showed a different allelopathic effect on algal
growth, supported by algal growth inhibition at high concentration
and promotion at low concentration (Fig. 1). When the extract
was 5 g/l, although cell density slightly decreased in the later
stage, it did not significantly differ from that of control during the
whole period (Table 1) and showed an increasing trend (Fig. 1),
indicating that a low concentration of the extract could stimulate
algal growth. With the increase of the extract concentration, algal
cell density in all other treatments increased during the early
days and then decreased, but it was still lower than the control
treatment. Particularly, this growth differed significantly in high
extract concentration (Table 1). When the extract concentration
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Figure 1: Influence of different concentrations of marigold leaf extracts on cell density of
C. vulgaris. Data are shown as mean + SD.

Table 1: Influence of different concentrations of marigold leaf extracts on cell growth inhibition rate (%) of C.

Extract concentration (g/l)

vulgaris.
Days
Y 5 10
1 —10 £ 4.6 14.3 £3.7C
3 2.9 & 6.4F 14.8 +£0.9°
5 —2.2 4+ 3.5% 6.4 £ 3.9
7 2.9 4 0.9%F 11.6 £ 5.1
9 1.8 £ 1.2%P 13.4 £ 6.2C
10 4.4 +1.6% 28.2 + %P
12 2.4 4 0.2k 41.8 +£ 0.4
14 0.9 + 1.5%P 455+ 1€

20 30 50
22.4 +3.6:88 25.6 + 3.2 38.7 +£0.3¢A
27.9+2.7% 355+1.28 48.7 £ 1.1¢A
23.7 +0.4¢¢ 32.1 £2.5¢ 42.1+£0.7%
38.7 £ 0.3¢¢ 48.7+1.2® 63.6 + 19

50.8 + 148 55.4+0.9% 754 +£0.2¢4
65.8+£0.1<¢ 68.5+0.1¢ 80.4 + 0.8
76.5 +0.7°¢ 83.7 +£0.4%8 86.5+0.1%4
85.5+0.1% 90.1 £0.1*4 86.8 + 0.4

Mean + SD. Means followed by different letters indicate significant differences according to Dunnett’s test at p = 0.05 level. Different small case letters
indicate significant differences between the same concentrations at different time points; different uppercase letters indicate significant differences

between different concentrations at the same time point.

was 30 g/l, cell density significantly differed from that of control
treatment on the first day, and the algal growth inhibition rate
reached the maximum of 90.1% on the 14th day (Table 1).

3.2. Marigold Leaf Extract Decreased Chlorophyll a Content
of C. vulgaris

Chlorophyll was closely related to cell growth and photosynthesis.
The chlorophyll a content decreased after adding marigold leaf
extract, and that in treatments of 10, 20, 30, and 50 g/l decreased by
50.6%,71.2%,79.4%,and 78.7%, respectively, compared to control
treatment on the 14th day (Fig. 2). With the extension of culture
time, chlorophyll a content in treatments differed significantly
from that of control treatment. However, the chlorophyll a content
in treatment of 5 g/l stayed an increasing trend and no significant
difference with that of control treatment, indicating that low

concentration of marigold leaf extract was not enough to damage
cell photosynthesis. Chlorophyll a content in other treatments
increased at first day and then decreased; especially solution
color in treatments of 20, 30, and 50 g/l from dark green turned
yellow significantly compared to other treatments, indicating that
cells have an ability to self-repair and adapt to external stress
environment in the initial stage, and this self-repair ability would
be disabled by an overdose of allelochemicals [2].

3.3. Marigold Leaf Extract Increased Cell Membrane
Permeability of C. vulgaris

Cell membrane permeability in treatment of 0 and 5 g/l showed a
stable trend and did not express a significant difference between
them. However, the variation in other treatments quickly increased,
and the longer the cultivation days were, the more significant the
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Figure 2: Influence of different concentrations of marigold leaf extracts on chlorophyll a
content of C. vulgaris. Data are shown as mean + SD.
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Figure 3: Influence of different concentrations of marigold leaf extracts on cell
membrane permeability of C. vulgaris. Data are shown as mean + SD.

differences were (Fig. 3). Cell membrane permeability in treatments
of 10, 20, 30, and 50 g/l increased 9.3, 14.7, 15.5, and 14.2 times
than that of control treatment on the 14th day, respectively. These
results indicated that marigold leaf extract higher than 5 g/l damages
the cell membrane structure and increases the permeability of cell
membrane, thus inhibiting algal growth.

3.4. Marigold Leaf Extract Increased Extracellular Soluble
Protein and Nucleic Acid Content of C. vulgaris

Soluble protein content in treatments 0 and 5 g/l showed a
downward trend, while that in other treatments showed an upward

trend, and the higher the concentration of extract and the longer
the cultivation time, the higher the content of extracellular soluble
protein, indicating that high concentration of marigold leaf extract
and long existence would seriously damage cell structure and
increase cell membrane permeability resulting in the increase of
leaked soluble protein content, even resulting in the death of the
algal cell (Fig. 4A). The variation pattern of nucleic acid content
was similar to that of soluble protein content. The contents of
soluble protein and nucleic acid in high doses of treatments (20,
30, and 50 g/1) in the last day were both slightly decreased, which
may be related to low cell density and the decrease of synthesis
ability of residual algal cells (Fig. 4B).
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Figure 4: Influence of different concentrations of marigold leaf extracts on extracellular soluble protein (A) and nucleic acid content (B) of C. vulgaris. Data are
shown as mean = SD.

Table 2: Ultraperformance liquid chromatography determination result for marigold leaf extract.

Peak no. Retention time (minute) Tentative identification Content (mg/g)
1 5.63 Caftaric acid 21.28
2 6.18 Isoetin-7-O-D-glucopyranosyl-2'-O-L-arabinopyranoside 308.00
3 6.18 Chlorogenic acid 1,358.38
4 6.58 Isoetin-7-O-D-glucopyranosyl-2’-O-D-xyloypyranoside 204.23
5 6.96 Ethyl caffeate 50.52
6 7.51 Luteolin-7-O-D-gentiobioside 117.83
7 8.01 Luteolin-7-O-D-rhamnoglucoside 100.60
8 8.31 Quercetin-3-O-D-arabinofuranoside 349.86
9 8.38 Di-rufescidride 38.84
10 8.41 Luteolin-7-O-glucoside 314.82
11 8.6 Cichoric acid derivative 19.06
12 8.6 Cichoric acid 6.89

13 8.77 Quercetin-3-O-D-arabinopyranoside 211.15
14 9.17 Rufescidride-glucoside 294.97
15 9.26 Apigenin-7-O-glucoside 9.16

From the figures, it could be deduced that when the concentration
of marigold leaf extract exceeded 5 g/l, C. vulgaris significantly
decreased the cells chlorophyll a content (Fig. 2) and increased
the membrane permeability (Fig. 3) and exudation of extracellular
soluble protein or nucleic acid content (Fig. 4). These findings
implied that the concentration of marigold leaf extract over 5 g/l
not only inhibits chlorophyll synthesis but also injures cell structure
resulting in increased leakage of intracellular soluble proteins or
nucleic acids [21]. Therefore, the allelopathic effect of marigold leaf
extract could be due to the cell metabolic dysfunction leading to the
inhibition of cell growth or even cell death.

The maximum inhibition rate of algal growth of 90.1% appeared at the
extract of 30 g/l on the 14th day, which was lower than that of 97.6%
in 10 g/l of Phragmites communis extract inhibiting the growth of
Chlorella pyrenoidosa [ 1]. However, the inhibitory effect of marigold
leaf extract on C. vulgaris could be confirmed through analysis of

microalgae photosynthetic activity, cell metabolic function, and cell
structural damage. The allelopathic inhibition effect of marigold leaf
extract on algal growth was consistent with an inhibitory effect of
Pyropia haitanensis extract on the growth of Skeletonema costatum
[22]. When P haitanensis extract concentration was lower than
0.625 or above 10 g/l, it showed a promotion or inhibitory effect
on S. costatum growth. The same inhibition effect of marigold leaf
extract on algae growth also varied with the extract concentration,
which indicated that the inhibition effect was closely related to algae
inhibiting substances accumulated in water.

3.5. Chemical Analysis From the Marigold Leaf Extract

Compounds from the leaf extract were determined and a total of
15 kinds of components were found, of which chlorogenic acid
was the dominant compound and other chemicals were phenolic
glycoside derivatives (Table 2). Therefore, phenolic acids with
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Table 3: Ultraperformance liquid chromatography determination
result for phenolic acid compounds.

Compound Content (mg/g)
Benzoic acid 49.07
Oxalic acid 8.06
Catechol 12.48
Cinnamic acid 8.50
Malic acid 766.34
p-Hydroxybenzoic acid 16.08
Vanillic acid 11.54
Syringic acid 32.21
Coumaric acid 386.48
Protocatechuic acid 21.16
Citrate 145.78
Ferulic acid 195.90
Caffeic acid 6,063.62
Resveratrol 0.18

small molecular weight were further determined and caffeic acid
and malic acid were the dominant compounds (Table 3). Thus, it
could be inferred that the dominant role of the inhibition effect on
C. vulgaris was from the phenolic acid compounds.

Phenols are commonly used as allelochemicals because of
their various biological activities [9]. According to compounds
determined from marigold leaf extract, the main compounds were
phenolic acids and parts of flavonoids (Table 2). However, most
phenolic acid compounds in the present extract were in the form
of glycosides, which may be related to the chemicals that were
synthesized in phenolic acids and flavonoid metabolism pathway
[9]. Therefore, it could be further inferred that the dominant role
of the inhibition effect on C. vulgaris cells was mainly from
phenolic acids associated with a part of flavonoid chemicals in
the marigold leaf extract. However, the inhibitory functions
of specific chemicals from the leaf extract should be further
confirmed in order to develop safe and efficient algaecide through
the optimization of extraction methodology.

4. CONCLUSION

The present results confirmed that marigold leaf extract has an
inhibitory effect on the growth of C. vulgaris when the extract
concentration is over 5 g/l, and the main compounds from the
extract were phenols compounds like caffeic acid, chlorogenic
acid, malic acid, quercetin or luteolin glycosides, and so on.
These chemicals could be further optimized to produce a
highly effective inhibition effect on planktonic cyanobacteria
and unwanted algae, so as to further develop safe and efficient
algaecide in the future.
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