0971-4693/94 US $ 5.00
Allelopathy Journal 25 (2): 453-464 (2010) International Allelopathy Foundation 2010
Tables: 4, Figs : 3

Effects of Spirulina platensis and C-phycocyanin on seed
germination and seedling growth of two monocot and
dicot plants

P. CHAROENYING'!", P. CHOTSAENG! and C. LAOSINWATTANA?

Faculty of Science
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
E. Mail: kcpatcha@kmitl.ac.th

(Received in revised form: February 20, 2010)

ABSTRACT

In laboratory bioassay the allelopathic effects of Spirulina platensis (Nordst)
Geitl. were investigated on Chinese amaranth (Amaranthus tricolor L.), Chinese
mustard (Brassica campestris var. chinensis), barnyardgrass (Echinochloa crus-galli
[L.] Beauv.) and rice (Oryza sativa L.). The seeds were germinated in Petri dishes
with aqueous extract (0.625-5% concentrations) and crude organic extract (250-4000
ppm concentrations) distilled water used as control. All aqueous extracts influenced
the seed germination and seedling growth of dicotyledons (A. tricolor and
B. campestris). The aqueous extract of 1.25% and 2.50% concentration completely
inhibited the germination in dicots. In monocots (barnyardgrass and rice), the aqueous
extract of 2.50% concentration inhibited the root length, while the 5% concentration
completely inhibited their germination and seedling shoot length.

The UV-VIS spectra indicated that the aqueous extract contained C-
phycocyanin (C-PC), with a purity ratio (As20/A2s0) of 1.17. The allelopathic activity of
biologically active protein pigment, C-PC, was assayed on seed germination and
seedling growth at 62.50-1000 ppm concentrations. At 1000 ppm, this compound was
most inhibitory to shoot and root length of A. tricolor and B. campestris, but there
was no effect on germination. The crude ethyl acetate extract was most inhibitory to
dicots, but all three crude organic extracts were not inhibitory to monocots.

Keywords: Allelopathic effects, aqueous extract, A. tricolor, bioassays,
B. campestris, C-phycocyanin, crops, crude organic extract, E. crus-
galli and O. sativa, Spirulina platensis, weeds.

INTRODUCTION

Weeds adversely affects the crop production worldwide. There are many methods
to control weeds, the chemical weed control method is most popular but it has resulted in
emergence of herbicide-resistant weeds adverse effects on human health and the
environment pollution. These concerns are shifting attention to alternative weed control
technologies based on natural products (9,10,24,29).

Allelopathy is direct or indirect detrimental or beneficial effects of one plant
(including microorganisms) on the germination, growth, or development of other plants
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through the production of chemical (allelochemicals) that escape into the environment
(25,29). This effect plays a significant role in agroecosystems, growth, quality and quantity
of produce (20,33). Use of allelochemicals from plants for this purpose would be
environmentally friendly, as natural chemicals are renewable and easily degradable.
Although allelopathic phenomena are well recognised in the terrestrial plant kingdom, but
very little is known for algae. The prokaryotic cyanobacteria (blue-green algae) produces
numerous bioactive substances; their antialgal, antifungal, antibiotic and antiviral activities
are associated with cytotoxic, neurotoxic or hepatotoxic actions (8,21,22).

Recently the allelopathic effects of cyanobacteria on other plants, cyanobacteria
and microbial species have been reported (11,16,23,31,32,34). Spirulina platensis is a
photosynthetic cyanobacterium with known biological activity. It is grown to produce
biologically active food additives and to treat various diseases (5). Several studies have
shown that Spirulina or its extracts can prevent or inhibit the cancer in humans and
animals (1,4), and that novel Spirulina-based medicines are effective (5,7). In vitro studies
suggest that polysaccharides of S. platensis enhances the cell nucleus enzyme activity and
DNA repair synthesis (26,27).

This study aimed to investigate the allelopathic effects of S. platensis extracts on
seed germination and seedling growth of Chinese amaranth (A. tricolor L.), Chinese
mustard (B. campestris var. chinensis), barnyardgrass (E. crus-galli [L.] Beauv.) and rice
(O. sativa L.). Since the deep blue fluorescent protein, C-phycocyanin (C-PC), is the major
component in the aqueous extract that may exert allelopathic effects on test plants, the
study included investigation of the allelopathic effects of C-PC on Chinese amaranth and
barnyardgrass.

MATERIALS AND METHODS

The study consisted of 4-factors (i) Test plants: 4 [Chinese amaranth (A. tricolor
L.), Chinese mustard (B. campestris var. chinensis), barnyardgrass (E. crus-galli [L.]
Beauv.) and rice (O. sativa L.)], (ii). S. plantensis aqueous extracts concentrations: 5 (0,
0.625, 1.25, 2.5, 5% w/v), (iii) crude organic extracts in solvents: 3 (Hexane, ethyl acetate,
methanol) and (iv) crude organic extracts concentrations: 6 (0, 250, 500, 1000, 2000, 4000
ppm). The seeds of Chinese amaranth and Chinese mustard were purchased from Thai
Seed & Agriculture Co., Ltd., Bangkok and barnyardgrass seeds were collected (August
2006) from paddy fields in the Minburi district, Bangkok, Thailand. Rice seeds were
obtained from the Department of Horticulture of our Institute. The germination of test
seeds was > 80%.

Dried S. platensis was obtained from the Department of Fisheries Science of our
Institute. Algal cultures were grown in Zarrouk’s medium (37) and maintained in a 0.03%
CO, atmosphere at 25°C and pH 10.50. The cultivar flasks were illuminated under 400
umolm™s™ light intensity. Cells were harvested at the late exponential phase by
centrifugation and dried in an oven at 40°C.

Aqueous extract preparation: Dried S. platensis (5 g) was soaked in 95 ml distilled water
in 125 ml Erlenmeyer flask. The mixture was stirred for 10 min at room temperature (28-
32°C). The flask was sealed with Parafilm and kept in refrigerator at 4°C for 24 h.
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Afterwards, the mixture was centrifuged at 5000 rpm for 20 min, and the blue supernatant
(5% wlv of stock solution) was used as crude extract in the plant bioassays, the remaining
cell debris was discarded. The purity of C-phycocyanin in the supernatant was determined
as per the UV-VIS absorption spectra. The stock solution was fifty-folds diluted to prevent
the reabsorbtion effects. All spectra were recorded at room temperature.

Effects of aqueous extracts: The stock solution (5% w/v) was diluted with distilled water
to get 5%, 2.50%, 1.25% and 0.625% concentrations. Five ml of each concentration was
added to each Petri dishes (9 cm in dia) containing germination paper and then 20 seeds of
test plant were placed on the germination paper as per treatments. The control received
only distilled water. The treatments were replicated 4-times in completely randomized
design. All Petri dishes were covered and placed at room temperature (32°C day and 28°C
night) and under natural light conditions (0600 h — 1800 h). After 7 days, germination (%),
shoot and root length were recorded in all treatment. Inhibition (%) relative to control, was
calculated as under:

Inhibition (% of control) = [1-(sample extracts/control)] x 100

Effects of C-phycocyanin (C-PC): Commercial C-PC was used to represent the pure C-
PC from S. platensis and purchased from Sigma-Aldrich, USA. Ten mg C-PC was
dissolved in 10 ml distilled water in 10 ml volumetric flask to obtain 1000 ppm stock
solution, and its UV-VIS absorption spectrum was measured. The stock solution was
diluted 62.50, 125, 250 and 500 ppm. Five-hundred pl of each concentration was added in
vial (4.50 x 2 cm) lined with germination paper. Ten seeds of each test plant were placed
on the germination paper and the vials were sealed with Parafilm and grown for 7 days.
The germination test was done in conditions as described above.

Crude organic extracts preparation: The dried S. platensis (4 kg) were extracted by
hexane-treatment for 7 days at room temperature. The extract was then filtered through a
Whatman No. 1 paper. The collected filtrate was evaporated to dryness under reducing
pressure at 40°C using a rotary evaporator to yield crude hexane extract. The residue was
then similarly extracted with ethyl acetate (EtOAc) or methanol (MeOH) to yield crude
ethyl acetate and methanol extracts, respectively. The extraction procedure is shown in
Fig. 1.

Effects of crude organic extracts: The 3-dried samples concentrated from hexane, ethyl
acetate and methanol were again dissolved in each solvent to compare their inhibitory
effects. Five-hundred pl of each crude extract solutions (2500, 5000, 10000 20000 and
40000 ppm concentrations) were added to Petri dishes (9 cm dia) lined with germination
paper and the solutions were allowed to evaporate for 3 h at room temperature. After
evaporation, 5 ml of distilled water was added on the germination paper to obtain 250,
500, 1000, 2000 and 4000 ppm concentrations. Then, 20 seeds of each test plant were
placed on the treated germination paper for 7 days. All germination tests were conducted
under similar conditions as described above.
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Figure 1. Diagram showing the extraction procedure of S. platensis to obtain the aqueous extract and
various organic extracts.

Spectroscopic measurements: All UV-VIS absorption spectra were recorded on a UV-
VIS spectrometer (Thermo Electron, England) with a 1 cm path length. Purity ratio
(Asa0/Azgp) of aqueous extract and C-phycocyanin (C-PC) were calculated based on the
UV-VIS spectra (30).

Statistical analysis: Differences in the percentages of seed germination and root and shoot
length were assessed by analysis of variance statistical methods. Comparisons between
treatments were made at a 0.05 probability level using Duncan’s Multiple Range Test
(DMRT).

RESULTS AND DISCUSSION

Effects of aqueous extracts

All applied concentrations of aqueous extract of S. platensis had allelopathic
effects on seed germination and seedling growth of dicotyledonous (Table 1). Seed
germination of Chinese amaranth and Chinese mustard was completely inhibited at 1.25%
and 2.50% concentrations. The 1.25% concentration proved more inhibitory to Chinese
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mustard. The 0.625% concentration significantly reduced the seed germination and root
length of both test plants, but stimulated the shoot length of Chinese amaranth. Thus
aqueous extract influenced the roots growth of test plants.

Table 1. Allelopathic effects of aqueous extract of S. platensis on seed germination and seedling
growth of Chinese amaranth and Chinese mustard

Concentrations Chinese amaranth (% Inhibition) Chinese mustard (% Inhibition)
(% wiv) Seed Shoot Root Seed Shoot Root
germination  length length germination length length
Control Oc Oc Oc Oc Oc 0d
0.625 20b 45.4b 68.4b 5.3b -12.6d 38.2¢
1.25 100a 100a 100a 97.3a 85.4b 95.9b
2.50 100a 100a 100a 100a 100a 100a
5.00 100a 100a 100a 100a 100a 100a

Mean values in each column followed by the same letter are not significantly different at P=0.05
according to the Duncan’s multiple range test.

In barnyardgrass, the 0.625% aqueous extract did not influence the germination
and shoot length but remarkably inhibited the root length. The 1.25% concentration had
moderate effect on the seed germination and seedling growth. While the 2.5%
concentration extract inhibited the germination, shoot length and completely inhibited the
root length. Beside the highest applied concentration (5.0%) completely inhibited the
seedling growth of barnyardgrass. In rice, the 0.625% aqueous extract concentration
stimulated the seedling growth but did not influence the germination. The 1.25%
concentration moderately inhibited the seedling growth and did not effect the germination.
Similar to the effect on barnyardgrass, the 2.50% extract concentration completely
inhibited the root length, while, the highest concentration (5.0%) completely inhibited
both the seed germination and seedling growth (Table 2). Thus the potent inhibitory
activity of S. platensis extracts on seed germination and seedling growth of test plants
depended on extract concentration.

Table 2. Allelopathic effects of aqueous extract of S. platensis on seed germination and seedling
growth of barnyardgrass and rice

Concentrations (% w/v) Barnyardgrass (% Inhibition) Rice (% Inhibition)
Seed Shoot Root Seed Shoot Root

germination  length length germination  length length
Control Oc 0d 0d Ob 0d Oc
0.625 -2.9¢ 0.1d 16.5¢ 2.7b -32.6e -19.8d
1.25 24.6b 34c 44.9b 5.4b 27.9¢ 31.0b
2.50 95.6a 93.2b 100a 94.6a 96.2b 100a
5.00 100a 100a 100a 100a 100a 100a

Mean values in each column followed by the same letter are not significantly different at P=0.05
according to the Duncan’s multiple range test.
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Effects of C-phycocyanin

The aqueous extract of S. platensis was very toxic to seed germination and
seedling growth of test plants. From the UV absorption spectrum, the purity of the aqueous
extract and C-PC aqueous solution was evaluated as per the purity ratio, Agyp/Azs. The
fractions that exhibited a purity ratio > 4.0 were considered of high purity C-PC (29). The
UV absorption spectrum of aqueous extract showed that S. platensis contains C-PC (620
nm peak) and the Agy)/Azs ratio of the blue supernatant was 1.17 (Fig. 2), while the purity
ratio of pure C-PC was 4.25. The allelopathic assay of pure C-PC did not inhibit the seed
germination of test plants; however, C-PC significantly inhibited the shoot length of
Chinese amaranth at 500 and 1000 ppm concentrations by 10.35% and 53.03%,
respectively. While 125-1000 ppm concentrations inhibited the root length by 10.37-
82.81%. In barnyardgrass, only the highest concentration (1000 ppm) inhibited the shoot
and root length (Fig. 3).

The S. platensis aqueous extract significantly inhibited the seedling growth in all
test plants. The biliprotein is major metabolites in S. platensis aqueous extract.
(3,12,13,35,36). Biliproteins are brilliantly coloured, water-soluble proteins with linear
tetrapyrole prosthetic groups (bilin) chromophores attached. In their functional state,
biliproteins are covalently linked to specific cysteine residues. They also form light-
harvesting antenna complexes of cyanobacteria, called phycobilisomes (PBS). These are
classified in 3-groups based on UV-VIS spectroscopic properties: phycoerythrin (PE) A
540-570 nm, phycoerythrobilin; phycocyanin (PC) A,,,x 610-620 nm, and allophycocyanin
(APC) A,.x 650-655. Antenna systems of S. platensis are composed of C-PC and
allophycocyanin (APC) at an approximate 10:1 ratio and the protein fraction may contain
up to 20% of PC (2,14,15,36). This supports our hypothesis that one of the major
metabolites of S. platensis is the fluorescent, deep blue coloured protein, C-PC, and that it
can exhibit allelopathic effects on test plant in our study. Jgrgensen (17) reported that
chlorophyllide pigments, whose structures are closely related to the chromophore of C-PC,
were isolated from ether and ethanol extracts of Chlorella vulgaris, Chlamydomonas
reinhardtii, or Scenedesmus quadricauda. These compounds inhibited the growth of
Bacillus subtilis after the chlorophyllides were transformed by light.

Hirata et al. (16) investigated the effects of violet pigment nostocine A released
from Nostoc spongiaeforme blue-green algae. Nostocine A affected the growth of six
green algae and seven cyanobacteria. It exhibited growth inhibitory activity comparable to
the potent herbicidal compound paraquat (N,N'-dimethyl-4,4"-bipyridinium dichloride),
and the activity was more stronger on green algae than on cyanobacteria. Moreover,
nostocine A exhibited a strong inhibitory allelopathic effect on root elongation of
barnyardgrass. These reports are in agreement with our results that show C-PC had a
greater inhibitory effect on root growth compared to shoot growth.

Jittner et al. (18) reported similar allelopathic effects of cyclic peptide isolated
from Nostoc 31. The nostocyclamide M peptide contains thiazole and oxazole moieties and
shows allelopathic activity to Anabena 7120 cyanobacteria. Another cyclic peptide
microcystin-LR, was purified from Microcystis aeruginosa cyanobacterium, it proved
toxic at 50 pug/ml concentration to Nostoc muscorum and Anabaena BT1 and 6 days after
its addition completely inhibited their growth followed by cell lysis (32). The allelopathic
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Figure 3. Allelopathic effects of C-PC on (a) Chinese amaranth (b) barnyardgrass; Values with the
same letters are not significantly different at P=0.05 according to the Duncan’s multiple

range test.
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Table 3. Allelopathic effects of crude organic extracts of S. platensis on seed germination and
seedling growth of Chinese amaranth and Chinese mustard

Concentrations Chinese amaranth (% Inhibition) Chinese mustard (% Inhibition)
(ppm) Seed Shoot Root Seed Shoot Root
germination length length germination length length
Control Oef Oc Ode 0d Obc Oc
Hexane 250 Oef -1.8cd -10.6fg -2.9d -15.2e -0.2¢
Hexane 500 -1.4ef -0.2¢ -5.6ef 1.4d -20.9f -0.3c
Hexane 1000 Oef l.4c -0.4de 1.4d -28.3g -0.8¢c
Hexane 2000 2.9d-f 12.4b 0.9de 14.3¢ -19.3f -24c
Hexane 4000 36.2¢ 21.3b 10.9bc 42.9b -0.4bc 5.5b
EtOAc 250 1.3d-f -5.6c-e -48.9j 1.4d Obc -14.1¢g
EtOAc 500 1.3d-f -6.3c-e -45.5j 0d 0.8bc -10.3f
EtOAc 1000 5.4de -0.8¢c -18.1gh 2.9d 2.9b -12.7g
EtOAc 2000 50b 13.9b 6.4cd 40b -0.1bc -12.4fg
EtOAc 4000 95.9a 76.7a 80.7a 77.1a 8.2a 11.1a
MeOH 250 -2.9f -12.9d-f -14.2fg 0d 1.7b -0.7¢
MeOH 500 -1.4ef -12.8d-f -23.8h 0d 1.3b -4.8d
MeOH 1000 -2.9f -16.2ef -36.4i 1.4d -2.9¢ -7.5e
MeOH 2000 4.3d-f -20.3f -12.5fg 1.4d -8.1d 0.1c
MeOH 4000 8.7d -17.1ef 16.2b 0d -29.8¢g -0.1c

Mean values in each column followed by the same letter are not significantly different at P=0.05
according to the Duncan’s multiple range test.

Table 4. Allelopathic effects of crude organic extracts of S. platensis on seed germination and
seedling growth of barnyardgrass and rice

Concentrations Barnyardgrass (% Inhibition) Rice (% Inhibition)
(ppm) Seed Shoot Root Seed Shoot Root
germination  length length germination length length
Control Oa Oa-c Oa Oa Oab Oa
Hexane 250 1.3a -2.3c-e 2.5a 2.6a 0.4ab -2.6a
Hexane 500 Oa -1.6b-d 1.2a 2.6a 0.4ab -10.8b
Hexane 1000 1.3a 0.4a-c -0.1a -2.6a 0.7ab 0.1a
Hexane 2000 2.6a -8.3gh 1.4a 2.6a -0.7ab 2.8a
Hexane 4000 2.6a -2.9c-f 0.3a -2.6a 2.6a 2.4a
EtOAc 250 1.3a 1.5ab -14.7¢ Oa 0.05ab -0.4a
EtOAc 500 1.3a 2.6a -9.2b -2.6a 0.6ab -14.2b
EtOAc 1000 2.6a -1.4b-d -12.8¢ Oa 1.3ab -1.9a
EtOAc 2000 -1.3a -1.4b-d -14.3¢ 2.6a 1.5ab 2.0a
EtOAc 4000 3.9a -2.1c-e -24.9d 2.6a 2.5a 0.7a
MeOH 250 Oa -4.2d-f 2.7a -2.6a -5.4c 0.4a
MeOH 500 2.6a -5.3e-g -13.5¢ Oa -0.3ab -1.3a
MeOH 1000 Oa -10.4h -25.7d -2.6a -1.7b 0.4a
MeOH 2000 2.6a -17.11 -35.4e Oa 2.4a -0.4a
MeOH 4000 2.6a -5.9fg -40.3f Oa 2.1a Oa

Mean values in each column followed by the same letter are not significantly different at P=0.05
according to the Duncan’s multiple range test.
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effects of isolated proteins, such as elicitins on plants are known. For example, one group
of protein elicitors is secreted from plant pathogens of the fungal genus Phytopthora and
Pythium. These compounds can cause a hypersensitive response, including leaf necrosis
and cell death, and they can induce systemic acquired resistance in some plant species
(19,28). These results indicate that the necrotic proteins had a toxic effect on plant hosts,
similar to our results showing that the protein C-PC can inhibit the growth of those plants
tested in this study.

It has been reported that in the natural environment some algal toxins are
generally present in the algal cells, but are released into the surrounding water when the
cell is damaged or dies (6). Likewise, S. platensis may cause such allelopathic phenomena
when its cells are damaged or died, but may not have an effect when alive and healthy. Our
results suggested that the active C-PC pigment may have toxic or allelopathic effects on
neighbouring breeding organisms in nature.

Effects of crude organic extracts

The effects of crude organic extracts of S. platensis on Chinese amaranth and
Chinese mustard, becomes apparent when applied at high concentrations (Table 3). Crude
hexane and EtOAc extracts had an inhibitory effect on Chinese amaranth, while crude
MeOH reduced the germination and root length but had no inhibitory effect on shoot
length. In particular, crude EtOAc at 4000 ppm concentration drastically inhibited the seed
germination, shoot and root length of Chinese amaranth (95.95%, 76.70% and 80.69%,
respectively). In contrast, crude EtOAc at 250-1000 ppm concentrations and crude MeOH
at concentrations of 250-2000 ppm stimulated the root length, while all applied
concentrations of crude MeOH stimulated the shoot length of Chinese amaranth. In
Chinese mustard, the crude hexane and EtOAc at 2000-4000 ppm concentrations reduced
the seed germination. While crude EtOAc at 4000 ppm concentration inhibited the shoot
length and crude hexane and EtOAc at the highest concentration (4000 ppm) inhibited the
root length. The other applied concentrations had no inhibitory effects on Chinese mustard,
but slightly stimulated the seedling growth. The results obtained for barnyardgrass and rice
indicate that all the applied concentrations of crude extracts had no inhibitory effects on
germination or growth of the test plants, but showed stimulatory effects. Crude MeOH, in
particular, had a moderate stimulatory effects on root length of barnyardgrass (Table 4).

CONCLUSIONS

The S. platensis aqueous extract had the strongest inhibitory activity, but crude
organic extracts had moderate effects. The blue protein pigment, C-PC, possesses
allelopathic potential. ~ The biological activity of extracts increased at higher
concentrations. All extracts of S. platensis and pure C-PC were more inhibitory to the root
length than shoot length. Both dicot species were more sensitive to the extracts than
monocots. We found that S. platensis is a source of bioactive compounds endowed with
interesting allelopathic activity. Analysis of possible allelochemicals effects in S. platensis
should be done in further studies. Isolation and identification of allelochemicals from S.
platensis, and synthesis of their derivatives, would aid in the development of novel
bioactive herbicides.
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