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Comparison of sensitivity of three legume
species exposed to crude extracts of toxic and
non-toxic cyanobacteria
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We evaluated the effect of cyanobacterial crude extracts containing microcystin (CCEMC+) from
a natural bloom on seed germination and initial development of three economically important leg-
ume species: green mung bean Vigna radiata, cowpea Vigna cylindrical and red mung bean Vigna
angularis and compared it to crude extracts of cyanobacteria without the toxin (CCEMC-). Re-
sults showed that CCEMC+ and CCEMC- caused different effects on seed germination and initial
development of the three species. There was a clear inhibition on germination and root growth of
the green mung bean exposed to the CCEMC+ (20, 200 and 500 pg/L), indicating that the green
mung bean being more sensitive to CCEMC+ when compared to the cowpea and red mung bean.
CCEMCH+ induced a greater occurrence of abnormal seedlings in the green mung bean, duce to in-
hibition the germination as well as reduction of fresh weight and root length. The CCEMC- ex-
tract caused no harmful effects to germination and seedlings growth of the green mung bean and
red mung bean. However, it reduced shoot and root length in cowpea bean, suggesting that the
cowpea being more sensitive to both extracts. Our results indicated that the sensitivity in germina-
tion and root growth of the green mung bean V. radiata could be used as an indicator to evaluate
the toxic effect and monitor the toxin concentration of water contaminated with microcystins.

Nghién ciru nay khao sat va so sanh cdc tac dong bdt lpi cua ly trich vi khudn lam cé chita va
khéng chira déc 16 1én sw ndy mam va sw phdt trién ¢ giai doan dau ciia ba logi cay ho dau gom
ddu xanh Vigna radiata, ddu do Vigna angularis va dau den Vigna cylindrical. Két qua cho thay
hai logi ly trich gay ra cdc tic dong khac nhau lén ba logi cdy ddu thi nghiém. Ly trich vi khudan
lam c6 chita djc 16 ¢ nong dg 20, 200 va 500 ug/L ngan chin dang ké sw ndy mam va sw phat
trién ré ¢ diu xanh. Ca hai logi ly trich c6 chira va khong chira djc 16 déu ngan chan sw ndy mam
va sw phdt trién ré ¢ ddu den. Nguoc lai ly trich vi khudn lam ¢6 chiva déc t6 ¢ nong d@é 500 ug/L
lai kich thich chiéu dai ré, thdn mam va trong lwong twoi o dau do. Két qud cho thcfy dau den kha
nhay cam véi ca hai logi ly trich ¢é chira va khéng chira déc t6, trong khi d6 ddu xanh nhay cam
hon véi ly trich co chira doc 16. Tinh nhay cam cua cdc logi cdy ho ddu khi phoi nhiém véi ly trich
vi khuén lam cé6 thé duoc s dung dé chi thi cho sw 6 nhiém va quan trdc doc 16 vi khuan lam
trong moi truong.

Keywords: Germination, sensitivity, cyanobacterial crude extract, microcystins, legume
species bio-indicator

* Corresponding author http://dx.doi.org/10.13141/JVE
Email: thanhluupham@gmail.com 156 ISSN: 2193-6471



J. Viet. Env. 2018, 9(3):156-161

1. Introduction

Cyanobacterial blooms are currently a worldwide problem
due to the eutrophication of water bodies and climate
change due to the ability to produce different cyanotoxins
[1]. Among cyanotoxins, Microcystins (MCs) are the
most commonly detected cyanotoxin in freshwater bodies.
MCs normally exist inside cyanobacterial cells but they
are released to the surrounding water after cell lysis espe-
cially at the end of bloom events. When water contami-
nated with cyanobacteria containing MCs is used as an
irrigation source, it is possible for a large amount of MCs
being contaminated and caused adverse effects on the
cropland [1].

Previous studies have shown that MCs not only reduce
the germination of seeds of aquatic plants but also affect
agricultural plants, such as peas (Pisum sativum L.), len-
tils (Lens esculenta Moench), maize (Zea mays L.) and
wheat (Triticum durum L.) [2, 3]. Furthermore, the toxin
interferes with the metabolism of the seedlings [4], caus-
ing necroses [5, 6]. However, previous studies have fo-
cused only on isolating MCs or using purified MCs [7] in
toxicity studies. It should be noted that cyanobacteria
produce several compounds other than cyanotoxins [8],
the function of which is still unknown, as are their effects
on plants. Although on aquatic community some organ-
isms may suffer direct effects due to contact with these
different compounds [1]. It would therefore be valuable to
evaluate the effects of these complex cyanobacterial bio-
masses in irrigation water on the cropland.

Some terrestrial plants are sensitive to cyanotoxins as
irrigation with water contaminated with cyanotoxins.
Previous studies have shown that crude extracts of the
cyanobacteria with MC and without MC caused different
effects on seed germination and initial development of the
salad green seedlings, and lettuce being more sensitive to
both extracts when compared to arugula [9]. In addition
Dao et al. (2014) [10] shown that the germination and
seeding growth of some vegetables were damaged under
exposure to microcystins contaminated water from the
Dau Tieng reservoir. Agricultural plants showed differ-
ently response to cyanobacteria producing microcystins.
Saqrane et al. (2008) [2] shown that cyanobacteria pro-
ducing microcystins caused germination inhibition with
dose dependent on Pisum sativum, Lens esculenta, Zea
mays and Triticum durum. Pisum sativum showed the
most sensitive with a 97% germination rate reduction
while L. esculenta showed the most resistant to cyanobac-
teria producing microcystins.

Until now major focus of research is based on the effects
of MCs on aquatic organisms especially aquatic animals
but few have considered the effects of toxic and non-toxic
CCE on terrestrial plants, and no study have suggested
using terrestrial plants for monitoring or indicating MCs
in the water environment. Considering the response of
terrestrial plants to different toxic stressors, the identifica-
tion of local plants that have ability to indicate these toxic
stressors in irrigation water is a valuable piece of infor-
mation. Thus, our objective was to compare the sensitivity

on seed germination and seedling development and the
adverse effect on the three economically important leg-
ume species: green mung bean Vigna radiata, black-eyed
bean Vigna unguiculata, and adzuki bean Vigna angularis
when exposed to the two crude extracts including micro-
cystin-producing (CCEMC+) and non-microcystin-
producing (CCEMC-).

2. Materials and methods

2.1 Preparation of cyanobacterial crude
extracts

The toxic biomass of cyanobacterial bloom (mainly Mi-
crocystis) collected from the Dau Tieng Reservoir (Fig.
la) and the non-toxic cyanobacteria Pseudanabaena iso-
lated from the same location were used for the experiment
(Fig. 1b). Bloom material was dried under sunlight and
kept at —20°C prior to extraction for the test. The non-
toxic cyanobacteria Pseudanabaena sp. strain was isolat-
ed from the Dau Tieng Reservoir according to the meth-
ods reported by Pham et al. (2015) [12]. Briefly, a single
cyanobacterial colony of Pseudanabaena sp. was isolated
by micropipetting in several steps, washed, and trans-
ferred into vials containing Z8 medium. All cultures were
grown on a 12h:12h light:dark cycle at a temperature of
28°C under light intensity of 30 pmol photons/m’s. Bio-
masses of cultures were harvested onto GF/C glass fiber
filters (Whatman, Kent, England) at the end of the expo-
nential growth phase. The filters containing Pseudana-
baena were dried at 45°C overnight and kept at —20°C
until the experiment.

7 4% i
Figure 1. Collection of cyanobacterial bloom from the
Dau Tieng Reservoir (a) and the non-toxic cyanobac-
teria Pseudanabaena (b)
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Cyanobacterial crude extracts (CCE) were prepared ac-
cording to Pietsch et al. (2001) [11] with some modifica-
tions. Briefly, 2g dry weight (DW) of the bloom material
and Pseudanabaena (moisture content less than 10%)
were dissolved into distilled water, frozen at —70°C then
thawed at room temperature. After the materials were
thawed completely, they were sonicated for 3 minutes.
This freeze—thaw—sonicate cycle was repeated five times.
The samples were then centrifuged at 2000 x g for 10
minutes to remove cell debris. The supernatant was col-
lected and kept at —20°C until use for the toxicity experi-
ments. The concentration of 8 g/L of cyanobacterial crude
extract (w/v) was prepared. Sub samples of the CCE su-
pernatant were used for MC analysis as previously report-
ed by Pham et al. (2015) [12]. Briefly, 100uL of the su-
pernatants was centrifuged at 6000xg at 4°C for 15 min.
The supernatant was collected, dried completely, and re-
dissolved in 500 pL of 100% MeOH. The samples were
analyzed by HPLC system with UV-visible photodiode
array (PDA) detector (Shimadzu 10A series, Kyoto, Ja-
pan). Purified MCs from Wako company (Osaka, Japan)
were used as standards.

2.2 Experiment design

Seeds of green mung bean V. radiata, cowpea Vigna
cylindrical and red mung bean V. angularis from Tam
Nong company were used. For each treatment, three rep-
licates of 30 seeds were sown randomly in petri dishes
using 50 g sterile sand as substrate. The seeds were daily
watered with 10mL of toxic CCE containing 0, 20, 200
and 500 ug MC/L (here after refer as: CTR, C20, C200,
C500) or the treatments with non-toxic CCE were pre-
pared at the equivalent concentrations (here after refer as
Non-toxic). The dishes were kept under constant condi-
tions of light and temperature at 25 + 1°C for seven days.

After seven days of cultivation, the germination percent-
ages and the production of normal seedlings were record-
ed. The percentage of normal seedlings was calculated
from the total number of germinated seeds. The length of
the radicle and the shoot of seedlings were measured by
using a ruler calibrated in millimetres. The seedlings were
individually weighed using precision scales to obtain their
fresh mass.

2.3 Statistical analysis

One-way analysis of variance (ANOVA) and Turkey test
Post Hoc were applied for calculation of statistically dif-
ferences of the fresh weight, shoot and radicle length of
seedlings after the data checked for variance homogeneity
and normality. All statistical analysis was done by using
the Sigmaplot Version 12.0.

3. Results

3.1 Microcystins concentration in the crude
extracts

The HPLC analysis showed that the bloom extract con-
tained three MC variants (MC-RR, MC-LR and MC-YR),
with a total concentration of 670 ug MC/g dry weight
(Fig. 2), whereas MC was not detected in the extract of
Pseudanabaena. MC-RR was the most dominant variant
in the bloom extract.

3.2 Effects on germination

During the exposed period, no inhibition of germination
in the controls was observed. However, exposure to toxic
CCEMC+ showed different inhibition in germination
depending on the sensitivity of each legume species tested
(Table 1). The germination of the green mung bean V.
radiate was affected greatly in the presence of CCEMC+
at dose dependence (90%, 83% and 70% in C20, C200
and C500, respectively), while the germination of the
cowpea V. cylindrical only reduced in the C500 treatment
and the germination of the red mung bean V. angularis
did not affected in any treatment. On the other hand, the
low concentration of toxic CCE and the non-toxic CCE
did not caused any effect on the germination of all spe-
cies.

MC-RR

0.5

051

30 40

Absorbance

MC-YR
] > MC-LR

1:] ZiJ 3:U 40
Time (minures)

Figure 2. The HPLC chromatography of standards (a)

and toxic cyanobacterial extract (b)

Table 1. Germination rate (%) of the three legume species tested

Species Exposures

CTR Non-Toxic C20 C200 C500
Vigna radiata 100 100 90 83 70
Vigna angularis 100 100 100 100 100
Vigna cylindrica 100 100 100 100 80
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3.3 Effect on radicle and shoot length

Toxic CCEMC+ and non-toxic CCEMC- showed differ-
ent effects on the radicle and shoot length of tested spe-
cies (Fig. 3). In green mung bean V. radiata the radicle
and the shoot length was significantly reduced with dose
dependence in CCEMC+ treatment but the CCEMC- (Fig.
3a,d). The CCEMC+ as well as CCEMC- also reduced

—_
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Radicle length (mm)
(0]

significantly the radicle length and the shoot length of the
cowpea V. cylindrical (Fig. 3c,f). On the other hand,
CCEMC+ as well as CCEMC- did not reduced the radicle
length and the shoot length of the red mung bean V. angu-
laris, except the CCEMC+ at 500 MC/L significantly
increased the radicle length and the shoot length (Fig. 3b,

e).
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Figure 3. The radicle length and the shoot length of the seedlings (mean value + SD, n=30) of (a,d) green mung
bean Vigna radiate; (b,e) red mung bean Vigna angularis and (c,f) cowpea Vigna cylindrical

3.4 Effect on fresh weight

After 7 days of exposure, the fresh weight of three tested
species was affected but in different ways (Fig. 4). While
fresh weight of the green mung bean V. radiata was re-
duced significantly at high concentration of CCEMC+

0.8 - 0.6 7 p,

0.6 A
0.4
0.4

0.2

Fresh weight (g)

0.2

0.0

0.0

(C200 and C500) (Fig. 4a), the fresh weight of the cow-
pea V. cylindrica reduced significantly in both toxic and
non-toxic CCE treatments (Fig. 4c). In contrast the
CCEMC+ containing 500 ug MC/L resulted in signifi-
cantly increasing the fresh weight of the red mung bean V.
angularis (Fig. 4b).
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Figure 4. The fresh weight of the seedlings (mean value £ SD, n=30) of (a) green mung bean Vigna radiate; (b)
red mung bean Vigna angularis and (c) cowpea Vigna cylindrica
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4. Discussion

Previous studies of MCs affect in terrestrial plants have
suggested MCs accumulation, inhibition of germination
and decrease in growth. Our results clearly show that
toxic and non-toxic CCE caused adverse effects on ger-
mination and seedling of legume species and the effects is
species dependent, which can be related to the detoxifica-
tion system of each species. In general the CCEMC+
caused stronger effects on tested species than the
CCEMC- did. The most sensitivity with the CCEMC+
was the green mung bean V. radiate as higher the MCs
concentration, the more the growth and seedling was
inhibited. The cowpea V. cylindrica showed sensitively
with both toxic and non-toxic CCE, while the red mung
bean V. angularis showed no effects or even stimulating
at high concentration of toxic CCE. The adverse effects
obtained in the present study are similar to those reported
for other terrestrial plants cultured in vitro. For example,
the growth and development of rapeseed Brassica napus,
apple Malus pumila and rice Oryza sativa seedling were
inhibited after exposure to MCs during 4 days (B. napus
and O. sativa) and 14 days (M. pumila) [5, 13, 14]. The
same results were reported for Solanum tuberosum and
Ceratophyllum demersum after their exposure to 5 pg/mL
MCs during 16 days and 24 hours respectively [15]. Fur-
thermore, Mathé et al. (2007) [16] studied the effect of
pure MC-LR on the growth and histology of common
reed Phragmites australis cultured in vitro for 35 days.
The authors observed the inhibition of the growth of shoot
and root parts, histological alterations, brownish aspect,
necrosis and tissue lysis. MC-LR at the concentration of
2.5-80 pg/mL have also caused toxic effects on the
growth, biomass accumulation, blocked root hairs for-
mation and root tips exhibited necrosis in faba bean Vicia
faba seedling cultured in vitro [17]. The toxic effects of
MCs on the germination and seedling of terrestrial plants
are due to the inhibition of protein phosphatase and pho-
tosynthesis in leaves [18, 19]. However, plants can be
detoxified MCs by a mechanism of conjugation with
glutathione [15]. As the molecule of MC is highly stable,
and may persist in plant tissues until consumption, this
process, in addition to fostering production of plants,
reduces the poisoning of consumers. This is suitable for
the explanation the promotion in the length of root and
seedlings of the red mung bean V. angularis.

Our results we also confirmed the toxic effects of non-
toxic cyanobacterial extracts on terrestrial plant. These
toxic effects may cause by other compounds present in
the extracts without MC equivalent. Another important
toxic compound produced by cyanobacteria is the lipo-
polysaccharides (LPSs) also known as lipoglycans and
endotoxins. They are large molecules consisting of a lipid
and a polysaccharide composed of O-antigen, outer core
and inner core joined by a covalent bond; they are found
in the outer membrane of all cyanobacteria, and elicit
strong immune responses in animals [20]. Cyanobacterial
LPS is attributed with a range of pathological effects in
animal and humans, from cutaneous signs and symptoms,
gastro-intestinal illness, respiratory disease, allergy, head-
ache and fever [20, 21]. Results of the present study
demonstrated that even a cyanobacteria non-cyanotoxins-

producing may generate toxic effects in terrestrial plants
such as legume species.

Terrestrial and aquatic plants have been used for risk
assessment of cyanotoxins in aquatic ecosystems [22, 23].
Several plant-based indices have been developed and
successfully applied worldwide, especially indicative of
urban and suburban pollution [24]. In this study red mung
bean V. angularis was the most tolerant species to CCE
exposure and other species such as green mung bean V.
radiate and cowpea V. cylindrica were relatively more
sensitive. Water pollution contains not only organic sub-
stances, but also natural and man-made toxic compounds.
And our results showed that legume species showed rap-
idly response to various concentrations of cyanotoxins as
well as other non-toxic compounds. And they could be
used as a potential tool for indicating cyanotoxins con-
tamination in aquatic ecosystems.

5. Conclusions

We found differences in sensitivity between legume spe-
cies, being red mung bean less sensitive than green mung
bean and cowpea. The extract of toxic cyanobacteria
caused more harmful effects than the non-toxic one. The
non-toxic extracts also affected the development of tested
species, although to a lesser extent than the toxic one,
showing that other substances produced by cyanobacteria
may also affect the development of plants. The use of
irrigation water contaminated with MCs may exert a
negative biochemical effect on the germination of agricul-
tural plants and in the metabolism of seedlings thereby
reducing their productivity.
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