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ABSTRACT: The occurrence of toxic freshwater blooms of cyanobacteria has been frequently reported during the last 15 years
in Lalla Takerkoust lake (35 km southwestern of Marrakech city) In this study, it has been confirmed that the collected
cyanobacteria bloom could produce different variants of microcystins at high concentration of 11.5 mg equiv. MC-LR g'lDW
of the cyanobacteria cells. In order to study the effect of microcystins on faba bean seedling cultured in vitro, the crude
aqueous extract of the toxic bloom was prepared and sterilized by filtration, and then it was supplemented to BNM medium
at different concentrations. After 10 days of in vitro seedlings growing in BNM medium, plants fresh and dry weights were
determined, plants shoot and root length was measured and then the roots were subjected to histological microscope
observation of root hair, root tip and root cortical cells. The results revealed that microcystins exposure induced a decreasing
of seedling growth and biomass accumulation in a concentration dependent manner. In addition, seedling young roots
exhibited a brownish aspect, necrosis and tissue lysis. At a microcystin’s concentration of 40 ug/mL equivalent MC-LR, the
root elongation and root hair formation, were blocked almost completely. At concentrations 10-80 ug/mL equivalent MC-LR
the root tips exhibited necrosis and tissue lysis. Concentration of 10 pg/mL equivalent MC-LR induced a reduction of cortical
cell size. These results indicated that microcystins contamination introduced via irrigation water from Lalla Takerkoust lake,
could have a negative effect on crop yield in Marrakech El Haouz region.
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1 INTRODUCTION

The occurrence of cyanobacterial blooms in surface water mainly used for spray or spreading irrigation has received
increasing attention over the last decade due to their ecotoxicological potential effects. Bloom-forming-cyanobacteria often
produce highly toxic microcystins (MCs), including microcystin-LR (MC-LR), that is one of the most studied cyanotoxin [1], [2].
Exposure to MCs via irrigation water has a negative impact on the quality of crop yield. For instance, it has been reported
that MCs have a negative effect on plant biomass accumulation, plant growth, photosynthesis, nutrient absorption and seeds
germination [3], [4], [5]. It has been reported also that MCs induce oxidative stress in seedlings of several agricultural plants
[6], [7], [8]. In addition, several authors have reported that MC-LR could be absorbed by roots and be translocated from roots
to shoots and the fruit [9], [10], [11], [12], [13], which can constitutes an important public health problem [14].

Faba bean is considered as the major leguminous crop in Marrakech-El Haouz region that could be exposed to MCs via
irrigation water from Lalla Takerkoust lake. Therefore, this plant was chosen as a model to study the effect of MCs on plant
growth and development. In our previous studies we have demonstrated that MCs have a negative effect on nodulation
process and biological nitrogen fixation of faba bean seedling in symbiosis with different rhizobia strains [15], [8]. We also
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reported that root part is more sensitive to MCs that did shoot part [8], this can be explained by the fact that the roots are
the organ where nodulation take place, and it is the first organ to deal with this MCs stress.

This study was performed in order to study the effect of the water crude extract of cyanobacteria containing MCs on the
growth and development of faba bean seedlings cultivated in vitro (by this manner, we simulate a real environmental
conditions allowing the contamination of plant crop by cyanobacterial toxins) . Particular attention was given to the effect of
different concentrations of MCs on the growth of primary roots, root hair formation, tip formation and roots histological
changes.

2 MATERIALS AND METHODS
21 CHARACTERIZATION AND QUANTIFICATION OF MICROCYSTINS FROM CYANOBACTERIAL BLOOM

The cyanobacterial bloom material (Microcystis aeruginosa) was collected in October 2010 from “Lalla Takerkoust”
reservoir (Marrakech, Morocco), and was freeze-dried. MCs concentration was determined using the protein phosphatase
type 2A inhibition assay according to [16]. Qualification of MCs was determined using High Performance Liquid
Chromatography (HPLC) system as described in [17]. The toxin equivalent concentration in M. aeruginosa bloom was
expressed as mg MC-LR equivalent (equiv.) .g"lDW.

2.2 PREPARATION OF MICROCYSTINS CRUDE EXTRACT

Freeze-dried cyanobacteria were suspended in distillated water, grinded and then centrifuged at 20 000g for 30 min. The
supernatant containing MCs was sterilized by filtration using sterile syringe filters (0.45 um pore diameter) and kept at -20°C
until further use.

23 BIOLOGICAL MATERIAL AND PLANT GROWTH CONDITIONS

Commercial faba bean seeds (Vicia faba L. var. Alfia 5) were surface sterilized using sodium hypochlorite (6°) during 15
min and then rinsed several times with sterile distillated water. The seeds were then pre-germinated at +26°C in sterile Petri
dishes (9 cm diameter) containing 20 mL agar agar 5%. The pre-germinated seed were then placed in sterile tubes (15 cm de
length and 18 mm de diameter) containing 10 mL of Buffered Nodulation Medium (BNM) [18], pH 6.5, that was solidified
with 1.2% plant agar, and supplemented with various concentrations of MCs 0 (control), 2.5, 5, 10, 20, 40, 80 pg/mL equiv.
MC-LR. Twelve tubes (replicates) for each MC concentration were prepared. The tubes were incubated at +22°C with a 16/8 h
day/night photoperiod.

24 PLANT HARVEST AND ANALYSIS

The experiment lasted 10 days. After this time, plants were detached from BNM medium agar, washed and blotted dry on
filter paper. Seedlings from each treatment were separated into two groups (6 plants per group). For one group, the whole
plants fresh weight and shoot and root lengths were determined immediately. And then, the whole plants dry weight was
recorded after 72 h at 70 °C. For the other group, the primary roots were used for microscope observation of root hair
formation, root cap formation and for histological investigations. A Motic DMBA-310 Compound Digital Microscope equipped
with a digital LED camera was used.

25 STATISTICAL ANALYSIS

The experimental design was a randomized complete block. Data regarding plants fresh and dry weight and shoot and
root length, were means of six replicates per treatment. Data were analyzed by variance analysis (ANOVA), and the mean
separation was achieved by LSD test by the COSTAT software. All numeric differences in the data were considered
significantly different at the probability level of P<0.05.
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3 RESULTS
3.1 CYANOBACTERIAL BLOOM ANALYSIS

The PP2A analysis of the cyanobacterial bloom (M. aeruginosa) collected in October 2010 showed a total MCs
concentration of 11.5 mg MC-LR equiv. g"1 DW [19]. The HPLC chromatogram revealed the presence of one MC variant that
was identified as MC-LR using the commercial standard.

3.2 EFFECT OF MICS ON THE GROWTH, BIOMASS ACCUMULATION, ROOT HAIR FORMATION, ROOT CAP FORMATION AND ROOT CORTEX CELLS OF
V. FABA SEEDLING CULTURED IN VITRO

Exposure to MCs significantly inhibited the growth and biomass accumulation of faba bean seedling in a concentration
dependent manner (figs. 1, 2 and 3), roots being more affected than shoots. Indeed, for MCs concentrations of 2.5, 5, 10, 20,
40, and 80 pug/mL equiv. MC-LR, the reduction rates of root growth are respectively 2.3, 3.5, 2.3, 2, 1.5 and 1.03 fold higher
than those of shoot part. Moreover, at the end of the experiment, no necrosis, no brownish aspect and no visual
morphological changes were perceptible in the shoot part for any MCs tested concentrations compared with the controls
(figs. 1 and 2). The seedlings which were exposed to different MCs concentrations exhibited shorter shoots than the control
but looked normal (fig. 1). While, remarkable visual changes were noticed on root of plants exposed to MCs, After 10 days,
the roots of seedling grown in the presence of MCs were turning brown and looked thinner than those of the controls (fig. 1),
the seedling at the concentration 10 pg/mL equiv. MC-LR or higher had malformed lateral roots, and as the concentration of
toxin increased these effects became more evident (fig. 1). At higher concentrations (> 20ug/mL) faba bean seedling had no
primary roots. This could be explained by the fact that roots are in contact with MCs so they are the first organ to deal with
these toxins.

In this study, we also reported that MCs exposure had a negative effect on root hair formation, root tips formation and
caused a reduction of root cortical cells size (fig 4, 5 and 6). Indeed, the negative effect of MCs was apparent from the lowest
concentration tested, and it increases with the increasing concentrations of MCs. For example, concentrations ranged from
2.5 to 20 pg/mL equiv. MC-LR decreased the number and the length of root hair, and concentrations of 40ug/mL and
80pg/mL equiv. MC-LR blocked the formation of roots and root hair almost completely (figs. 1 and 4). In addition, at 10
ug/mL the root tip exhibited necrosis, and at the concentration 20 pg/mL equiv. MC-LR or higher the root tip exhibited
necrosis tissue, brownish aspect and tissue lysis (fig. 5).

4 DISCUSSION

The exposure of terrestrial plants to MCs via irrigation water taken from a source that has experienced a toxic
cyanobacterial bloom containing MCs has far reaching consequence for both economic and health reasons [20], [21]. Growth
inhibition of seedling of a variety of terrestrial plants by MC [22], [21], [23], the inhibition of protein phosphatase [24] and
photosynthesis in leaves of terrestrial plants [25] have been reported. This study revealed that MCs concentrations of 2.5-80
ug/mL equiv. MC-LR have toxic effects on the growth, biomass accumulation, root hair formation, root tip formation and root
cortical cells of V. faba seedling cultured in vitro. The MCs concentrations that caused adverse effects in the present study
are similar to those reported for other terrestrial plants cultured in vitro. For example, the growth and development of B.
napus, M. pumila and O. sativa seedling were inhibited after exposure to 3 ug/mL MCs during 4 days (B. napus and O. sativa)
and 14 days (M. pumila) [7], [10], [23]. Same result was found for S. tuberosum and C. demersum after their exposure to 5
ug/mL MCs during 16 days and 24 hours respectively [21], [26]. Furthermore, Mathé et al. [27] studied the effect of pure MC-
LR (2.5-80 pg/mL) on the growth and histology of P. australis cultured in vitro for 35 days. The authors reported the inhibition
of the growth of shoot and root parts, histological alterations, brownish aspect, necrosis and tissue lysis.

In this study, we reported that 40 ug/mL equiv. MC-LR completely blocked root hairs formation and root tips exhibited
necrosis. Similar results were reported by Kurki-Helasmo and Meriluoto [24]. These authors have shown that concentrations
of 40 and 20 pg/mL MC-RR almost completely blocked root elongation and root hair formation of mustard seedlings.
Similarly, Yin et al. [28] reported that exposure of V. natans to 10 pug/mL pure MC-RR for 30 days caused a significant
reduction of fresh weight and root elongation, and inhibited root hair formation. Moreover, Chen et al. [23] reported that
root tip exhibited necrosis with chlorotic or (and) necrotic cotyledons after exposure of B. napus and O. sativa to 3ug/mL
MCs. In addition to their inhibitory effect on root hair formation in V. faba seedling, MCs also caused a reduction of the size
of cortical root cells. Indeed, MCs are inhibitors of protein phosphatase and it is affirmed by [29] that the inhibitors of protein
phosphatase such as okadaic acid and calyculin-A inhibit root hair formation and alter the shape of root cortical cells of
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Arabidopsis. Similar results were found by [30] that showed histological changes of roots of P. sativum after exposure to 11.6
ug/mL equiv. MC-LR.

Figure 1: Vicia faba seedling after 10 days exposure to microcystins at different concentrations (from the left to the right) 0
ug/mlL (tube 1), 2.5 ug/mL (tube 2), 5 ug/mL (tube 3), 10 ug/mL (tube 4), 20 ug/mL (tube 5), 40 ug/mL (tube 6) et 80 ug/mL
(tube 7).
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Figure 2: Effect of different concentrations of microcystins on the growth of shoot (A) and root (B) of Vicia faba seedling
cultured in vitro for 10 days.
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Figure 3: Effect of different concentrations of microcystins on biomass accumulation of Vicia faba seedling cultured in vitro for
10 days, Fresh weight (A) and dry weight (B).
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Figure 4: Effect of different concentrations of microcystins on root hair formation of Vicia faba seedling cultured in vitro for 10

days, (G: x400).

2.5 pg/ml

Figure 5: Effect of different concentrations of microcystins on root tip formation of Vicia faba seedling cultured in vitro for 10

days, (G: x400).
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Figure 6: Effect de different concentrations of microcystins on root cortical cellsof Vicia faba seedling culturedin vitrofor 10
days, (G x400).

5  CONCLUSION

According to these results, we can state that exposure to MCs via irrigation route poses a threat to the yield and the
quality of the crop by affection plant growth and development. Root part was more sensitive than shoot part, since the
growth of roots was more sensitive to MCs than shoots. In addition, no morphological changes, no necrosis and no tissue
lysis were observed in shoot part, while root part exhibited necrosis, tissue lysis and brownish aspect. Moreover, MCs at high
concentrations blocked root hair formation almost completely and reduced the size of root cortical cells.

ACKNOWLEDGMENTS

This study is financially supported by the International Foundation for Sciences (ifs Project N° F/2826-3F) and the
Moroccan-Spanish project N° Al/035873/11.

ISSN : 2028-9324 Vol. 12 No. 3, Aug. 2015 549



Impact of cyanobacterial toxins (microcystins) on growth and root development of in vitro Vicia faba cultures

REFERENCES

(1]
(2]

(3]
(4]

(5]

(6]

(7]
(8]

[0l

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

M. Welker and H. Von Dohren, “Cyanobacterial peptides — nature’s own combinatorial biosynthesis,” FEMS
Microbiology Reviews, vol.30, pp. 530-563, 2006.

C. Mathé, M. M-hamvas, G. Vasas, G. Suranyi, |. Bacsi, D. Beyer, S. Toth, M. Timar, G. Borbely, “Microcystin-LR, a
cyanobacterial toxin, induces growth inhibition and histological elterations in common reed (Phragmites australis)
plants regenerated from embryogeniccalli,” New phytologist, vol.176, pp. 824-834, 2007.

Z. Wang, B. Xiao, L. Song, X. Wu, J. Zhang, C. Wang, “Effects of microcystin-LR, linear alkylbenzene sulfonate and their
mixture on lettuce (Lactuca sativa L.) seeds and seedlings,” Ecotoxicology, vol.20, pp. 803-814, 2011.

S. Pichardo, S. Pflugmacher, “Study of the antioxidant response of several bean variants irrigated with water containing
MC-LR and cyanobacterial crude extract,” Environmental Toxicology vol.26, pp. 300-306, 2010.

F. El Khalloufi, I. EI Ghazali, S. Sagrane, K. Oufdou, V. Vasconcelos, B. Oudra, Phytotoxic effect of natural bloom extract
containing microcystins MC on lycopersicon esculentum: Impact of contamination of water of irrigation,” Ecotoxicology
Environmental Safety, vol.79, pp. 199-205, 2012.

S. Pereira, M. L. Saker, M. Vale, V.M. Vasconcelos, “Comparison of sensitivity of grasses (Lolium perenne L. and Festuca
rubra L.) and Lettuce (Lactuca sativa) exposed to water contaminated with microcystins,” Bulletin of Environmental
Contamination and Toxicology, vol.83, pp. 81-84, 2009.

J. Chen, J. Dai, H. Zhang, C. Wang, G. Zhou, Z. Han, Z. Liu, “Bioaccumulation of microcystin and its oxidative stress in the
apple (Maluspumila) ,” Ecotoxicology, vol. 19, pp. 796-803, 2010.

M. Lahrouni, K. Oufdou, F. El Khalloufi, M. Baz, A. Lafuente, M. Dary, E. Pajuelo, B. Oudra, “Physiological and
biochemical defense reactions of Vicia faba L.—Rhizobium symbiosis face to chronic exposure to cyanobacterial bloom
extract containing microcystins,” Environmental Science and Pollution Research. vol. 20, pp. 5405-5415, 2013.

A. Peuthert, S. Chakrabarti, S. Pflugmacher, “Uptake of microcystins-LR and —LF (cyanobacterial toxins) in seedlings of
several important agricultural plant species and the correlation with cellular damage (lipid peroxidation),”
Environmental Toxicology, vol.22, pp. 436-442, 2007.

J. Chen, F. X. Han, F. Wanga, H. Zhang, Z. Shi, “Accumulation and phytotoxicity ofmicrocystin-LR in rice (Oryza
sativa),” Ecotoxicology and Environmental Safety, vol.76, pp. 193-199, 2012.

D. Gutiérrez-Praena, A. Campos, J. Azevedo, J. Neves, M. Freitas, R. Guzman-Guillén, A. M.Camean, J. Renaut, V.
Vasconcelos, “Exposure of Lycopersicon esculentumto Microcystin-LR: Effects in the leaf proteome and toxin
translocation from water to leaves and fruits,” Toxins, vol.6, pp. 1837-1854, 2014.

C. Romero-Oliva, V. Contardo-Jara, T. Block, S. Pflugmacher, “Accumulation of microcystin congeners in different
aquatic plants and crops — A case study from lake Amatitlan, Guatemala,” Ecotoxicology and Environmental Safety, vol.
102, pp. 121-128, 2014.

M. Freitas, J. Azevedo, E. Pinto, J. Neves, A. Campos, V. Vasconcelos, “Effects of microcystin-LR, cylindrospermopsin and
a microcystin-LR/ cylindrospermopsin mixture on growth, oxidative stress and mineral content in lettuce plants (Lactuca
sativa L.),” Ecotoxicology and Environmental Safety, vol. 116, pp. 59-67, 2015.

E. Valério, S. Chaves, R. Tenreiro, “Diversity and Impact of Prokaryotic Toxins on Aquatic Environments: A Review,”
Toxins, vol.2, pp. 2359-2410, 2010.

M. Lahrouni, K. Oufdou, M. Faghire, A. Peix, F. El Khalloufi, V. Vasconcelos, B. Oudra, “Cyanobacterial extracts containing
microcystins affect the growth, nodulationprocess and nitrogen uptake of faba bean (Vicia faba L., Fabaceae),”
Ecotoxicology, vol.21, pp. 681-687, 2012.

N. Bouaicha, A. Chézeau, J. Turquet, J.P. Quod, S. Puiseux-Dao, “Morphological andtoxicological variability of
Prorocentrum lima clones isolated from four locations in the south-west Indian Ocean,” Toxicon, vol.39, pp. 1195-1202,
2001.

I. El Ghazali, S. Sagrane, A.P. Carvalho, Y. OQuahid, F.F. Del campo, B. Oudra, V. Vasconcelos, “Effect of different
microcystins profiles on toxin bioaccumulation in common carp (Cyprinus carpio) larvae via Artemia nauplii,”
Ecotoxicology and Environmental Safety, vol.73, pp. 762-770, 2010.

D.W. Ehrhardt, E.M. Atkinson, S.R. Long, “Depolarization of alfalfa root hair membrane potential by Rhizobium meliloti
Nod factors,” Science, vol. 256, pp. 998-1000, 1992.

F. El Khalloufi, K. Oufdou, M.Lahrouni, M.Faghire, A.Peix, M.H.Ramirez-Bahena, V.Vasconcelos, B. Oudra, “Physiological
and antioxidant responses of Medicago sativa-rhizobia symbiosis to cyanobacterial toxins (Microcystins) exposure,”
Toxicon, vol.76, pp. 167-177,2013.

G.A.Codd, J.S.Metcalf, K.A. Beattie, “Retention of Microcystis aeruginosa andmicrocystin by salad lettuce (Lactuca
sativa) after spray irrigation with water containingcyanobacteria,” Toxicon, vol.37, pp. 1181-1185,1999.

J. McElhiney, L. A. Lawton, C. Leifert, “Investigations into the inhibitory effects ofmicrocystins on plant growth, and the
toxicity of plant tissues following exposure,” Toxicon, vol.39, pp. 1411-1420, 2001.

ISSN : 2028-9324 Vol. 12 No. 3, Aug. 2015 550



Majida Lahrouni, Khalid Oufdou, Fatima El Khalloufi, Eloisa Pajuelo, and Brahim Oudra

(22]
(23]
[24]
(25]
(26]

(27]

(28]
[29]

(30]

P. Kds, G. Gorzd, G. Suranyi, G. Borbély, “Simple and efficient method for isolation and measurement of cyanobacterial
hepatotoxins by plant tests (Sinapis alba L.),” Analytical Biochemistry, vol. 225, pp. 49-53, 1995.

J. Chen, L. Song, J. Dai, N. Gan, Z. Liu, “Effects of Microcystins on the Growth and theactivity of superoxide dismutase
and peroxidase of Rape (Brassica napus L.) and Rice(Oryza sativa L.),” Toxicon, vol.43, pp. 393-400,2004.

K. Kurki-Helasmo and J. Meriluoto, “Microcystin uptake inhibits growth and proteinphosphatase activity in Mustard
(Sinapis alba L.) seedlings,” Toxicon, vol.36, pp. 1921-1926, 1998.

T. Abe, T. Lawson, J. D. B. Weyers, G. A. Codd, “Microcystin-LR inhibits photosynthesis of Phaseolus vulgaris primary
leaves: implications for current spray irrigation practise,” New Phytologist, vol.133, pp. 651-658, 1996.

S. Pflugmacher, “Possible allelopathic effects of cyanotoxins, with reference tomicrocystin-LR, in aquatic
ecosystems,” Environmental Toxicology, vol.17, pp. 407-413, 2002.

C. Mathé, M. M-hamvas, G. Vasas, G. Suranyi, |. Bacsi, D. Beyer, S. Toth, M. Timar, G. Borbely, “Microcystin-LR, a
cyanobacterial toxin, induces growth inhibition and histological elterations in common reed (Phragmites australis)
plants regenerated from embryogeniccalli,” New phytologist, vol.176, pp. 824-834, 2007.

L. Yin, J. Huang, D. Li, Y.Liu, “Microcytin-RR uptake and its effects on Valisneria natants,” Environmental Toxicology, vol.
20, pp. 308-313, 2005.

R. D. Smith, J. E. Wilson, J. C. Walker, T. I. Baskin, “Protein-Phosphatase inhibitors block root hair-growth and alter
cortical cell-shape of Arabidopsis Roots,” Planta, vol.194, pp. 516-524, 1994.

S. Sagrane, I. El Ghazali, B. Oudra, L. Bouarab, V. Vasconcelos, “Effects of cyanobacteria producing microcystins on seed
germination and seedling growth of several agricultural plants,” Environmental Sciences and Health, vol. 43, pp. 443-
451, 2008.

ISSN : 2028-9324 Vol. 12 No. 3, Aug. 2015 551



